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‘‘SOIL MOISTURE IN RELATION TO MOISTURE IN THE 
SURFACE LAYERS OF THE ATMOSPHERE DURING 
THE CLEAR SEASON " * 

By 

M. S. KATTI, B. Sc., 

Research Student, Meteorological Office, Poona. 

1. Introduction. 

It is well known that many objects in nature like wood, hair, 
fibres, soils etc. are hygroscopic i.e., they give up a certain amount 
of water vapour if heated or otherwise desiccated and absorb moisture 
if exposed again to a humid atmosphere. 

Recent investigations (1. 2, 3, 4) at Poona during the last two 
and half years have shown that the hygroscopic properties of the soil 
at the earth’s surface have a meteorological significance so far as the 
exchange of water vapour between the soil and the air layers near it 
during dry weather is concerned. These investigati(»is included a 
study of the behaviour of soils from different parts of the country 
when exposed simultaneously to identical weather conditions and also 
of the physical properties of these soils. It r* y be mentioned that 
throughout the investigation the meteorological aspect was kept in the 
fore-front and the soils were used as they occur i.e., without separating 
them into their components by mechanical or chemical analysis. 

The experiments were done during the dry season (November- 
April) which is characterised by a simple climate of the continental 
type over the Bombay Deccan, with more or less clear v^kies, feeble 
winds and large diurnal variation of temperature. 

During this period the surface of the ground is subjected to in¬ 
tense heating during the day. It may therefore be expected that the 
surface soil may be so desiccated under these circumstances that it 
retains only the minimum of water consistent with its hygroscopic 
properties. Actual measurements show that the water content of the 
soil at all depths is large during the monsoon months and that there 
is a rapid desiccation of the upper layers after the withdrawal of 
the monsoon. It is, however, very significant that even after the 
intense desiccation during the winter, spring and summer months the 

* Summary of thesis submitted for the M. Sc., degree of the Bombay 
University. 
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moisture content of the soil at depths of 1 foot and more is still as 
high as 30%. 

We shall see later how the dry mulch at the top of the soil acts 
as a protecting layer and checks the loss of moisture from the interior 
of the soil 

2. The variation of the water vapour content of the air layers near 

the ground with height. 

The daily psychometric measuremaits at the Central Agricul¬ 
tural Meteorological Observatory at Poona show that at the epoch 
of maximum temperature during the clear season the pressure of 
water vapour is maximum near the ground and decreases with height. 
Comparing the values near the soil surface with those at 10 ft. above 
ground, the decrease of water content is on the average about 25 % 
of the mean value for the 10 ft. layer. The degree of saturation of 
the air with water vapour increases with height. This is easily under¬ 
stood because the dry bulb temperature is very high near the ground 
at the maximum temperature epoch. 

Again it is found that at the epoch of minimum temperature the 
conditions are reversed so far as the pressure of water vapour is 
concerned. The water vapour content is now least near the ground 
and increases with height, the average increase from ground level to 
10 ft. being again of the order of 25%. In this case also the humi¬ 
dity percentage is minimum near the ground, and increases with height. 
The lower values of both the pressure and degree of saturation of 
water vapour very near the ground considered together with the tem¬ 
perature gradients which aie feebler than those in the afternoon, show 
that the results obtained at the minimum temperature epoch are no^ 
easy to understand unless the soil surface acts like a desiccating agent 
during the night. The reversal in the vertical gradient of vapour 
pressure was somewhat puzzling at first and attempts were actually 
made to discover whether the phenomenon was due to the settling 
down of drier air from above which may have cooled more than the 
air layers near the ground by radiative processes. As soon as experi 
ments were begun with soil samples to investigate any possible in¬ 
fluence of the soil itself it became rapidly evident that the real cause 
of the phenomenon has to be sought for in that direction. 

3, Moisture content of soil in the morning and aftertUnm. 

Daily measurements of the moisture contents of soil samples 
exposed in small vessels as well as from the surface of the actual 
field in the morning and afternoon showed that the soil has much 
more moisture in the morning than in the afternoon. Such samples 
did not show any progressive loss of water, indicating that what is 
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toet by evaporation duritiE the day is regained from the atmosphere 
during the nig^t. 

4. Hourly voriatiom of the water content of the surface layers of 
^ the soU. ' 

Hourly determination of the water content of soil samples ex¬ 
posed to the sky show that the soils have their minimum moisture 
content about the epoch of maximum temperature and their maxi- 
^mum moisture content at the epoch of minimum temperature. 

It is significant that the variation of moisture content of the soil 
is in phase with the variation of the air temperature and the per 
centage humidity rather than the soil surface temperature (which 
closely follows the altitude of the sun and has a maximum value when 
the sun is over-head.). 

The soil samples weighed 60 grammes each and were exposed in 
vessels whose area of cross section was 30 sq cm. It is found tha^ 
the black cotton soils undergo the maximum diurnal varia- 
ti(Mi of moisture content of the order of 2 grammes owing to the loss 
of water by evaporation during the day and gain by absorption from 
the air during the night The red soils come next with a variation 
of about IJ gr. The alluvial soils from the Indo-Gangetic as well as 
the Sind areas show a diurnal variation which is only a fifth of that 
of the black cotton soils. The sample of quartz powder comes at 
the bottom of the list with no variation It is indeed remarkable that 
soils from places at large distances apart show very similar features 
so long as they belong to the same soil group 

The amplitude of the diurnal variation in the moisture contents 
of different soils expressed as a ratio of that of the Poona soil aie 
given below :— 


Name of soil 

Diurnal variation of moisture con¬ 
tent expressed in terms of 
Poona soil (= 1). 

Poona black (icitton soil 

1-00 

Dharwar black cotton soil 

MO 1 


Sholapur black soil 

1-04 ^ 


Hagaii 

0-86 


Red Laterite 

i 0-81 .. 


Ranchi 

1 , 065 1 


Jhelum 

1 0-44 


Bangalore 

029 

Pusa (alluvial) 

020 

Lyalkiur (alluvial) 

0-21 

Strand (alluvial) 

0-19 

Quartz powder 

ooo 
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The houriy variation ol the moisture content of the Poona sdl at 
different depths has also been studied by taking actual hourly sanqiles 
from the field and determinir^ thdr mcHsture contents. It is seen 
that the diurnal variation is maximum at the surface and decreases 
very raiudly with depth, being practically insignificant even at a depth 
of 1" below the surface. 

5. The “ moisture-veriatUm-mdex” in relation to other important 
physicid properties of the soil. • 

The sequence of the moisture variation indices of different soils 
as observed in the c^ien is practically the same as that of their power 
to absorb water vapour when exposed under known conditicms of 
temperature and humidity in the laboratory. 

The water-hdding crq>acities of a few soils (expressed on air-dry 
basis) are given below :— 


Soil 

1 Water-holding capacity 

Poona. 

38-7 % 

Sholapur 

41-0 ., 

Hagari 

30-9 „ 

Bangalore 

24-0 „ 

Pusa 

26-2 „ 

Lyallpur 

22-8 „ 


The black cotton group of soils is able to retab 15% more of 
water than the alluvial group. 

The values of the heat of wetting at 25-9°C for different soils 
run parallel to those of the moisture-variation-index, being large for 
the black oottrai soils and small for the alluvial soils as may be seoi 
from the table below,— 


Name of soil 

Heat of wetting per gramme of soil 
in gramme calories at 25*9°C 

Poona 

8*7 

Ranchi 

4*8 

Jhelum 

2-2 

Pusa 

1-2 


^In d^ermining the moisture content of a soil, the san^le is 
usually kept in the steam oven "till the weight becomes constant.” 
An exact study of the rate of drying m a steam oven is very instruc- 
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live. The weis^t-time curves for four typical soils starting with about 
100% water (on dry basis) not only ^w the time for complete dry¬ 
ing but also the rate of drying at different moisture contents. The 
times taken by different soils for attaining a steady minimum weij^t 
at 100°C are in the same wder as their moisture-varialkm-indices. 

The similarity in the behaviour of a number of phyacal pr(^)er- 
ties of different soils to their moisture-variation-indices is striking. 

6. Soils as desiccating agents. 

The efficiency of different smls as desiccating agents under steady 
ccMiditicms in the laboratory was also measured. The method adopt¬ 
ed was to pass an air current (whose initial humidity was known) 
above the dried soil and to note the decrease of humidity after pass¬ 
age. 

These experiments were performed with four soils viz. soils frran 
Poona, Jalgaon, Bangalore and Lyallpur. For comparing the desic¬ 
cating power of these soils with that of a standard substance the ex¬ 
periment was also repeated with a sample of " Sorbsil ” supplied by 
the Cambridge Instrument Company. 

The velocity of the air current is adjusted so as to allow 43-8 cc. 
of air per second to pass through the apparatus. After passage above 
the soil exposed in the drying tube the wet bulb temperature rapidly 
falls in the first few minutes and slowly rises again. Each experiment 
was concluded as soon as the air curroit ceased to be desiccated i.e., 
as soon, as the soil had got exhausted and no Imger absorbed any 
moisture from the air current. When this stage was reached the 
humidity of the air current was practically identical with that of 
the room air outside the apparatus. 

Sorbsil is an efficient absorber, and retains its power to absorb for 
the longest time. Next in order come the soils from Poma, Jalgaon, 
Bangalore and Lyallpur respectively. The last two cause only a small 
depressHxr in the wet bulb temperature and the vapour pressure and 
get exhausted within 10 minutes. In all cases the ddiydration of 
the air currmt is rapid and the vapour pressure attains its mini m um 
value within a few minutes after the commoicement of the experi¬ 
ment ; thereafter the vapour pressure slowly increases and becomes 
equal to that of the air outside. 

These results suggest that the black oottixi soils may be used 
with profit for keying the air in an enclosed space dry. Hie cost 
involved would be negligible when cwi^iatfed to that of common dry- 
iitg agents like suli^uric acid, calcium chloride, i^io^horous pentoxidq 
etc. 
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Ccnctusbm, 

These investigations were made at the M^eordogical OfiSce at 
Poona under the guidance of Dr. L. A. Ramdas to whom the author's 
best thanks are due. 

(Received : 15th September^ 1936,] 
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MEASUREMENT OF AIR-EARTH CURRENTS PASSING 
THROUGH ELEVATED POINTS DURING ELECTRICALLY 
DISTURBED WEATHER AT COLABA, BOMBAY. 

M. W. CHIPLONKAR 
Colaba Observatory, Bombay. 

Introduction .—The potential gradient at the earth’s surface is 
normally positive, which implies that the earth’s surface is ordinarily 
Datively charged. Owing to this normal electric held, positive ions 
are continually being drawn into the earth thus giving rise to the fine- 
weather Air-Earth current. One of the most furulamental problems 
of Atmospheric Electricity is to account for the maintenance of the 
negative charge on the earth’s surface. Prof. C. T. R. Wilson^ first 
suggested that point discharges from tall objects like trees, house tr^s, 
mountain peaks etc. under the influaice of the strong electric fields 
of a thunder-doud would cause a negative air-earth current which 
would thus maintain the earth’s negative charge. Since then there 
have been a few investigations on this type of interchange of electri¬ 
city between the earth and the atmosphere T W. WormelP mea¬ 
sured at Cambridge the total amount of discharge from a raised 
metal point for a period of three years. He used a ^jecially design¬ 
ed water-voltameter to measure the total amount of charge passing 
in or out of the metal point during long intervals of time. The point 
discharge current during disturbed conditions was measured s^ratdy 
by charging a condenser connected across a spark gap in the point 
discharge circuit Schonland^ in South Africa employed a small tree 
cut off at its base and mounted (xi insulators in an open space to 
measure the point discharge. The current passing through the tree 
was measured by means of a galvanom^er, the other end of which 
was earthed. Whipple and Scrase* have published their results of 
point discharge currents recorded at Kew during the period July 1932 
to December 1934. They used a single point disdiarger similar to 
that used by Wormdl but onuiected directly to a galvanometer. This 
same arrangement was used at Cdaba, to measure the point dis¬ 
charge current during the post monsoon nxmths of 1936. 

Prof. C. T. R. Wilscxi’s suggestion includes three processes occur¬ 
ring in disturbed weather by whidi a transfer of electric diarge may 
take place between the earth and the atmoqrhere. They are 

II—«. 
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(i) Momentary currents due to lifi^tniog. 

(ii) Predpitatioo currents carried by water drops during 

raisx fog, mist, etc. 

(iii) Continuous currents carried by ions moving under the 

action of the strong electric fields of thunderclouds. 

Schonland’s^ estimates have shown that the last named process 
plays the main rede while the other two are comparatively much less 
important. The following is an account of some measurements of 
point discharge currents made at Colaba during thunderstorms in 
S^tember and October of 1936. 

Afternoon thunderstorm The two months of September and 
October, the period of our observations, are marked in Bombay by a 
diange in the direction of the prevailing winds over the west coast of 
the Indian Peninsula. The moist south-west monsoon winds give 
place to the drier land winds which come from northwest India. During 
this period of transition afternoon thunderstorms are frequent. At 
Bombay thunderclouds usually appear in the afternoon towards 
North-East or East of the Observatory over the neighbouring Indian 
coast and travel towards South-East or South. Oftentimes they 
develop into strong thunderstorms late in the afternoon and gradu¬ 
ally travel over the island of Bombay. However during the last 
year very few of them directly passed over the Observatory at 
Colaba. The only occasion when it did so was on 22nd September, 
1936. 

Experimental arrangement for the point discharge current 

A photograph of the point discharger and its surroundings is 
shown in fig. 1. The discharging system is similar to that used by 
Wormell and is shown diagrammatically in fig. 2. Thq actual height 
of the metal point above the ground level was 7-4 m. It was con¬ 
nected by means of a lead-covered rubber insulated cable to a moving 
coil galvanometer having a resistance of 15-7 ohms and a current 
sensitivity of 2 0 X 10-® amps, per mm. Eye-observations of point 
discharge curroits flowing through the galvanometer were made with 
the usual lamp and scale arrangement. The sulphur insulation at 
the top was always scraped and kept free from moisture and insects 
etc. It was examined time before taking a measurement. 

Exposure :—^The mast carrying the discharging system is situ¬ 
ated at a distance of about 13 metres from the surrounding low 
buildings. The lead-covered wire is brought down along the mast to 
a height of 4 metres and then taken overhead to the ceiling of a 



Fig. 1.- Point Discharger and its surroundings. 


P — Fine copper wire. 
C = Stout copper wire. 
U = Metal umbrella, 

A = Metal can. 

S = Sulphur. 

T = Brass Tube. 

G = Connecting wire, 

W = Wooden Mast. 



Fig. 2. —Point Disdiarger. 
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small old dome-shaped building (seen in the left hand side of the 
photograph)» This has a height of 3-5 metres and is at a distance 
of 13 m. from the mast. Besides a few trees beyond a distance of 
13 m. by far the most disturbing objects in the neighbourhood are 
the lifi^itning conductor and the rain-gauge funnel on thq top of the 
large thermometer house, both about 8 m. high and 23 m. and 19 m. 
respectively from the mast. Although the exposure of the discharg¬ 
ing system was not very open, preliminary observations were thought 
worth-while. 

The exposure factor of the discharging system was found out 
in the following manner 

An ionium collector was suspended by means of sulphur in¬ 
sulators at the end of a wooden cross-piece at the same height as 
the discharging system and about a metre distant from the main 
mast. The collector was directly connected to a Dolezalek Electro¬ 
meter by means of a long thin copper wire. Thus the other condi¬ 
tions of exposure being the same, the ionium collector picked up the 
actual potential at the top of the point discharger. These measure¬ 
ments were made in the afternoon on clear days when the potential 
gradient has been found to be steady. Comparisons made on a 
number of occasions showed that the equivalent height of the point 
over level ground was 2*6 m. implying an exposure factor of 2-85. 
It is obvious that the exposure factor of the point is a factor of 
considerable importance in all measurements of earth-air current. 

f •*> < 

^^ilxperimental Results :—It was possible to record the currents 
in five thunderstorms which include the only severe one of the season 
and referred to before. The potential gradient trace and the point 
discharge current trace for two of them are shown in figs. 3 and 4 



Fig. 3.-- Potential Gradient and Point Disdiarge Current during the 
thundefstorm of 22nd September, 1936, 
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Fig. 4.—Potential Gradient and Point Discharge Current during the 
thunderstorm of 30th September, 1936. 

The potential gradient recorder which working since 1930 at Colaba 
is at a distance of about 150 metres from the point discharger. The 
values of potential gradient during thunderstorms were read from 
these photographic records and plotted on the same time scale as 
the point discharge current trace. The correspondence between the 
two traces is striking and shows that the two instruments were 
affected simultaneously and that their values may be compared with¬ 
out introducing any serious error. 

The following table gives the quantities of electricity transferred 
during each of the thunderstorms. 

Table I. 

Total point discharge during the five thunderstorms observed 
At Colaba, Bombay, 


Effective height of the point above ground level—2*6 m. 


Date. 

Duration of thunder- 

j Charge in Millicoulombs. 

storm. 

In. 

Out 

Nett transfer. 


H. M. H. M. 




8-9-36 

14 15 to 14 46 

09 

0024 

-0-02 (out) 

22*9-36 

18 35 to 21 20 

0-91 

' 1-57 

-0-66 (out) 

28-936 

16 28 to 18 0 

0-10 

0-04 

4-0-06 (in) 

299-36 

18 10 to 19 15 

0-04 

0-25 

-0-21 (out) 

309-36 

16 0 to 18 5 

016 

0*47 

-0-31 (out) 
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Fig. 5 shows the relation between the potential gradioit and the 
correqxmding point disdharge current observed during these thunder¬ 
storms. For the sake of oompariscxi these results and those obtain¬ 
ed by Whipple and Scrase and SdionlaiMl are shown together in 
Fig. 6. Whipple and Scrase’s* curve (obtained from the records of 





Fig. 5. —^Point Discharge Current—Potential Gradient 
Curve obtained at Colaba, Bombay. 


six thunderstorms at Kew) shows higher values of current for the 
same field than those obtained at Colaba, while the South African 
results are lower. This is because of the greater effective heigjit (8 
metres) of the point above the ground level at Kew. In the ocperi- 
ments of Schailand although a 4 metre tall tree was used, the effec¬ 
tive height would have been much less as the disdiarging points would 
be distributed over different heights all under 4 metres. 

A Minimum Estimate of the Total Transfer of Charge 
During One Complete Year ,at Colaba, Bombay 

High values of potential gradient are common at Colaba in the 
mouths of May and June during thunderstorms. They also occur, 
thougii with smaller values, during showers in the monsoon, When 
sudi higji values of potential gradient prevail, the ^wt of lig^it would 
ordinarily go off the jriiotographic paper of the potential gradient 




14 


JOtntMAL OP THB UNIVBIISITY OF BOMBAY 


reonder. So it is cusbxnaiy at Cdaba during disturbed conditions 
to decrease the magnification in a d^nite ratio, by drawing in the 
radioactive collector. Neveithdess, the records aa some occasions were 


H letm-A 



Fig. 6.—Comparisixi of Point Disdiarge—Potential 
Gradient Curves with different height of the Point 
Discharge. 


A = Whipple and Scrase—effective hei^it 8*4 metres. 

B — Sdioniand—effective height L4‘0 metres. 

C = Author—effective height 2' metres. 

lost, the spot of light going out for considerable periods. Fix»n the 
potential gradient records for one complete year (1st November. 
1935, to 1st November, 1936), all occasions of high values were picked 
out and taking Whipple and Scrase’s curve as rqiresenting current— 
potential relaticm when the point is 8 metres- above ground levd, the 
point disdiarge currents were read and the total transfer of charge 
on eadi such occasioAi>4alculated. On occasioM of high values 
when the qiot of light was within the papa: the estimates are un- 
andagnous; but cm/those oocadons when the trace was outside the 
paper oifiy a minifiium value could be estimated. Foituna^y the 
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nunimum value of the potottial gradient at which the point discharge 
begins, hai^ens to be about the same as that recorded when the spot 
of lig^t is tx>nnally on the edge of the paper. In Table II, are given 
the results of such calculations for individual unambiguous occasions 
In Table III, are given the minimum point discharge values sum¬ 
med up for each separate month. The nett transfer of charge fr<xn 
the earth to the air as ^own at the bottom of Table II, for the whole 
year, ounes to 9-31 Milli-Coulombs. Assuming a mean air-earth 
current of 3XlO-i* amp. per sq. cm. during fine weather, 9-3 milli- 
coulombs is equal to the quantity of charge that would be conveyed 
from air to earth during fine weather over a period of one year and 
from an area of about 100 sq. metres. 


Table II. 

Total PoinUDischarge calculated from the high Potential Gradient values 
recorded at Colaba during the year, 1st November, 1935 to 1st Nov¬ 
ember, 1936, assuming the effective height of the discharging point to 
be 8 m. and the potential gradient—current relation to be that given 
by Whipple and Scrase. 


Date 

[ 

Duration of Field 

Charge in Milli-Coulombs 

Ip 

Out 

1 Nett Transfer 

0-37 (out) 

0-07 (in) 

0-14 (m) 

0-85 (out) 

04)8 (in) 

7-42 (out) 

0-45 (in) 

0-48 (out) 

0-08 (out) 

0-01 in) 

0-84 (out) 

0-02 (out) 

0*17 (out) 

0-02 (out) 

0-31 (in) 

30-9-36 

29-9-36 

28-9-36 

26- 9-36 
24-9-36 
22-9-36 

21- 9-36 

20- 9-36 
8-9-36 

28-6-36 

27- 6-36 
26-6-36 
24-6-36 

22- 6-36 

21- 6-36 

Hrs. Mins. 

1 — 50 

2 — 12 

1 — 40 

0 - 48 

1 — 10 

3 — 48 

1 — 16 

1 - 8 

0 — 46 
2—4 
4—6 

0 - 20 

1 — 40 

0 — 22 

0 — 34 

056 

0-84 

028 

0-0 

0-19 

5-98 

0*97 

0-01 

0*04 

0-01 

M4 

0-0 

0*29 

0-01 

0*31 

0-93 

0-77 

014 

085 

Oil 

13*40 

0*52 

0*49 

0*12 

0*0 

1-98 

0*02 

0-46 

0-03 

0-0 

Sub-Total ... 


10‘63, 

19-82 

10-25 (out) 





1-06 (in) 





9*19 (out) 

Total Minimum Estimate from Table III 

0-43 

0-55 

0-12 (out) 

Grand Total 

... •*. ••• 

11-06 j 

20*37 

9-31 (out) 
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Tabu III. 

Mifimum estimate of Pomt-Diseharge during the high petentidi gradients 
when the spot of light went off the recording paper. 


Month. 

Sign of the 
Pot. Gradient. 

Total Duration. 

Total Point-Discharge. 

December 1935 

+ve 

56 minutes, 

0067 

(in) 

February 1936 

-fve 

16 „ 

0019 

(in) 

March „ 

+ve 

50 

0-06 

(in) 


-ve 

4 n 

0-005 

(out) 

June 

4-ve 

20 

M24 

(in) 


-ve 

137 

0164 

(out) 

July 

-fve 

30 

0-036 

(in) 


—ve 

8 

0-01 

(out) 

August „ 

-hve 

21 

0-025 

(in) 


-ve 

74 

0089 

(out) 

September „ 

-fve 

44 

0-053 

(in) 


-ve 

54 „ 

0065 

(out) 

* 

H-ve 

4 

0-072 

(in) 

« 

-ve 

12 

0-216 

(out) 

October „ 

•fve 

63 „ 

0-076 

(in) 


Total 0*43 (in) 
0*55 (out) 

Nett Charge going out—0*12 


Discussion 

It can easily be seen from Table II, that in a single strong 
thunderstorm as for example the one that occurred on 22nd Septem¬ 
ber, 1936, at Colaba, the discharge current was so large that the 
major portion of the annual nett trangjgr of electric charge from the 
earth to the air was supplied by it. f 

In connection with the above experiments 't should be noted 
that the rapid momentary changes in the field and the point disdharge 
currents accompanyir^p lightning flashes cannot be recorded by the 

•^N.B,—On these occasions the magnification was reduced in the 
ratio 1:21. 
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instruments used owing to their large period. Such rapid changes are 
usually measured by the capillary electrometer, or better by Cathode* 
ray Oscillograph (1), (5), (6), (7). They show d^inite types of 
momentary changes of very great magnitude depbiding upon the 
intensity and distance of the flash from the place of observation; 
but owing to their much shorter duration are of less importance for 
the total transfer of charge from the earth to the air than the com¬ 
paratively steadier high flelds associated with the presence of charged 
clouds. 

In order toi know the total transfer of charge by a thunderstorm 
it would be necessary to estimate the area over which it caused ap¬ 
preciable point discharge currents during the time it lasted and the 
magnitudes of the currents at different places. Simultaneous ob¬ 
servations of both the potential gradients and point discharge cur¬ 
rents at three or more places a few kilometers apart will doubtless 
lead to very interesting results. 

The author has great pleasure in expressing his sincere thanks to 
Dr. K. R. Ramanathan, Meteorologist, Bombay, under whose direc¬ 
tion the above work was carried in the Colaba Observatory, Bombay, 
•and also to the University of Bombay for giving a research grant. 
Received : 23rd February, 1937, 
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THE DUST-FREE OR DARK LAYER SURROUNDING A HOT 
BODY IN RELATION TO THE CONVECTIVl 
MOVEMENTS IN ITS NEIGHBOURHOOD 

By 

L. A. RAMDAS 
Metmclo^al Office, Poona. 

The investigations of Tyndall,^ Rayleis^,^ Aitken’ and Lodge 
and Clark* have shown that, when a hot object is kept in a dusty 
atmo^here and suitably illuminated, a thin dark or dust-free layer 
is seen to envelop the hot surface, the thidmess increasing at the 
top where the dust-free layer is seen to ascend like a pillar (Fig. 1). 



Ramdas and Malurkar* showed that, when an extensive hot i^te 
is used, the heat transfer to the air above the plate is associated with 
the rising cones of dus^-free air which escape from the primary skin 
layer not at rme i^ace but at a numbo- of idaces and whidi move 
about in a random manner, (Fig. 2). Below the plate the dark 
layer is thin and uniform. 



Fk. 2. 
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It is clear from the observatiooB made by the previous workers 
in this field that the dark layer is a fundameatal phenomenon arising 
from some kind of repulsion which a dust particle ocperienoes when 
it is very dose to a hot surface. Attempts to explain, the phenome¬ 
non in the past have been unsatisfactory because, in the experiments 
usually made, convection plays a prominent part and makes the 
oanduskxiB somewhat indedsive. A fresh investigation of the 
nomenon was thnefore made under special conditions whereby the 
effect of progressively diminating the ccmvection below a hot surface 
could be studied.' Mr. M. K. Paranjpe working at the Meteorologi¬ 
cal Office, Poona, succeeded in completing this investigatum. A 
brief account of the work^,^ is given below. 

1. Dark space in relation to convection near it. 

A vertical section of the apparatus used is shown in Fig. 3. 
ABCD is a rectangular metallic vessel (5 cm. by 5 cm.) fitting into 
a glass cell EFGH, containing a layer of mercury KL which is used 
as the lower boundary of the confined air cell BC KL. The thick¬ 
ness of the air cell is varied by lowering or raising the levd KL. The 
upper surface BC is heated by pouring hot water into the upper 
vessel. When cigarette smoke is admitted into the ^ce between BC 
and KL and' a parallel beam of li^t is passed through a narrow slit 
at BK towards CL, the phenomena in the air cell become actually 
visiUe and may be photographed. In the experiments referred to 
bdow the upper hot surface was maintained at 75°C and the cold 
surface at SO’C. 

(а) Thickness of the air cell = 2-29 cm. 

The vertical section of the convection pattern is shown in Fig. 1 
of plate I. There is a thin dark layer just below the hot surface. 
The ^aoe below is occupied by a pair of vortices, the motion being 
clockwise in the vortex on the right and anticlockwise in the one 
on the left. At the centre the air is seen to be rising towards the hot 
surface. Hie convection in the two vortices totds to throw out a 
paitide towards the hot surface whereas the repelling effect of the 
hot surface acts in the opposite direction. The thickiKss of the dark 
qiace is only about 0-5 mm. 

(б) Thidmess of the air cdl = O-Sfi cm. 

On decreadng the thickness of the air cell to 0*85 cm. the two 
vortices decrease in size, sqiaiate and move towards the sides of the 
cdl, (Fig. 2, plate 1). The air in die midcHe of the cdl is free from 
any conwectkmal movements and here the tqpdling effect of the hot 
surface on the smoke partides has its full sway. The max i mum 
width of the dark space is as much as 4 mih, at the centre. 
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(c) Thidcness (rf tlie air cell - 0*54 cm. 

A further reductioD of the thidmess brings about a rapid con¬ 
traction of the vortices which now become very sluggish. The ap¬ 
pearance of the pattern is shown in Fig. 3, plate 1. Tire darir re¬ 
gion now occupies the whole space between the plates, the smdre 
being driven towards the odd surface everywhere except at the two 
ends where also, above the vortices, the dark ^ce has widened still 
further. 

(d) Thickness of the air cell = 0-34 cm. 

Fig. 4, plate 1, diows the pattern; smdce particles are absent 
everywhere except at the two ends where the last remnants of the 
two original vortices are just visible 

(if) Thickness of the air cell = 0-22 cm. 

Lastly Fig. 5, plate 1, shows that at this distance between the two 
surfaces the smoke particles are driven away towards the cold surface 
as soon as they are introduced. 

It is clear, therefore, that when the ccmvection is quenched by 
bringing the two surfaces sufficiently near to eadi other, the repul¬ 
sion of a particle away from the hot surface has its full sway. 

2. Effect of changing the distance between the hot and the cold 
surfaces ori the repulsion of the smoke layer. 

In this series of experiments the temperature of the upper sur¬ 
face BC (vide Fig. 3), is maintained at 70°C while the lower surface 



Fio. 3. 

is at 30'’C. The air interspace is kept free from smoke to 

start with. A puff of^moke is then introduced gently through a 
narrow metal tube soldered to a small hde at the centre of BC. 'Hie 
puff of smoke does not show any trace of convection or sidewise 
mov«nent if the thickness of the air cell is less than 5 mm. It is 
seen to undergo a rapid vertical movemeit downwards towards the 
cold surfas^e BC, the upper* boundary of-the doud being quite diarp 




Fig. 4. 


Fig. 5. 
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and horizontal. In the course of a few seconds all the smoke is re< 
pelled towards the arid surface and dqxjsited on it. The ^qieed 
of the downward movement is seen to depend upon the distance 
between die two surfaces. Actual measurements of the distance from 
the hot iriate traversed by the upper boundary of the smdee at in¬ 
creasing intervals of time and for different thickness of the air cdl 
were made. The values of the vdocity of the smoke layer at dif¬ 
ferent distances away from the hot place as obtained from these 
measurements are given in Table I bdow : 


Table I. 


Distance between hot 
surface BC and cold 
surface KL in cm. 

Distance of smdee 
layer from the hot 
surface in cm. 

Velocity of the smoke 
layer in cm./aec 

0*90 

005 

00063 


‘ 015 

00034 


024 

OOOOO 

0-60 

005 

00182 


015 

00143 


025 

OOlll 


0*35 

00054 


046 

00000 

0-35 

005 

00226 


015 

00226 


025 

00226 


035 

00226 


The falling away of the velocity as the partides move away from 
the hot surface when the thickness of the air cdl is O-S cm. or more 
shows that the opposing influence of the convection is fdt in these 
cases. When the thickness of the air cdl is 0-35 cm. or less the parti¬ 
des move with a uniform vdodty throu^iout thdr passage from the 
hot to the cold surface. In this case convection is totally absent as we 
have already seen.* 

3. Effect vf changing the temperature gradient, while keeping the 
thickness of the air cell constant at 0-35 cm. 

The rate of movement of the smoke layer was measured when 
the temperature difference between the hot and the cold surfaces were 

'Measurements of air temperature made with the hdp of an inter¬ 
ferometer (Vide Ref. 7 above) show that the temperatiue gradient is a^ 
uniform for distances of sqiaration <*35 cm. 
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adjusted to be 46®C, 28'C and 14-5®C re^)ectivdy. The above tem- 
petature differences o(RTeq)ond to gradients of 131 *C, 80“C, 41 ®C per 
cm. reqwctively and the corresponding uniform vdkidties of the 
smcte layer were found to be 00226, 00119 and 0*0083 cm. po* sec., 
reflectively. For unit temperature gradient, i.e., I’C per cm. the 
velocity is therefore 1-756X10-* cm. per second. 

Using Stokes’ law and ccmsidering that the limiting vdodty is 
pnfxirticnal to the impressed f^ce it is found that the force of repul- 
oon F which a temperature gradient of 131 °C per cm. causes on a 
particle is givai by F = w r® p gX 10*71, where r is the radius 
and p the density of the particle and g is the aocderation due to 
gravity. 

The excess pressure aP exerted by the particle on account of tiiis 
extra force is of the order of 0*81 dyne/cm.®. 

Further experiments with single particles moving in a thermal 
field are in progress. The explanation of the p4ienomenon from the 
view point of the Kinetic! theory of gases has also bear worked out. 
This will be discussed elsewhere. 
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•bEaM’ amplified 

By 

B. B. DESHPANDE 
S. P. College, Poona 
(Received : 1st June, 1937.) 

In the course! of some high frequency and supersonic frequency 
work that is being done in this laboratory the following arrangement 
for an amplifier came to be utilized and as it appears, that this circuit 
is not so well known, it is thought worth while to describe it in details. 
The circuit offers, as will be seen, certain advantages over the usual 
D. C. and A. F. amplifiers.* 

It is called a Beam-amplifier because it uses the so-called Beam 
amplifier tube 6 L 6. This is described as a ‘ new tube', that ‘ makes 
use of fundamentally new principles involving the production of beams 
of high electron density. Two principal results are that the screen 
does not absorb appreciable power and efficient suppressor action is 
supplied by space charge effects between screen and plate.' 

Ordinary direct current amplifiers have their own disadvantages. 
In the usual arrangement each stage requires independent Grid-bias 
battery and those bias-voltages go on increasing with each succeeding 
stage. The voltages are also critical and whether dry cells or accu¬ 
mulators are used, the set-up becomes a clumsy one. If automatic or 
self-bias is used the amplification per stage is sacrificed. The Loftin- 
white arrangement of direct coupling suffers similarly from a severe 
handicap. 

What is the fundamental source of all these troubles? The 
ordinary control grid of a triode valve cannot be directly joined to 
points of high positive potentials with respect to its cathode with¬ 
out introducing saturation. If however the grid can be made posi¬ 
tive without producing saturation and if the grid-current is negligible 
the problem admits of a solution. 

The Beam amplifier valve 6 L 6 seemed to satisfy these condi¬ 
tions in the following manner. The ordinary control grid is used 
as a regulator of emission fr(»n the cathode and as this grid always 
remains at some fixed negative pot^tial it may be r^rded as a 
‘virtual cathode.’ The screen-grid of the valve itself is used as a 
control grid for the plate current Then the Independent characte- 
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ristic of the valve 6 L 6 is as fdlows. TaUe No. 1, Fig. No. 1. 

Table L 

6 L 6 valve aeooadaiy Indq)endeat Characteristic 
{Screen GrU Volte—Plate aarent characteristic) 


Plate voltage = 200. 


Vg Screen volts 

(Plate current in mA) 

0 

0 

6 

•3 

12 

•1 

18 

2-3 

24 

6 

30 

12*5 

36 

22 

48 

38 

54 

42 

60 

45 

66 

52 

72 

55 

78 

57*5 

84 

60 

90 

62 

96 

66*5 

102 

70 

108 

72 

114 

75 

• 120 

76 





*SBAM* AMPuraUt 


2S 



Screen Grid voltage. 

Fig. 1. 

It is of course obvious that a certain screen current is flowing 
through the circuit C S P N, 

If now such a valve is joined as ^own in Pig. 2 the screen 
current will flow through the plate-resistance of the preceding valve 
and will produce a voltage drop across the resistance and will effec¬ 
tively lower the potential of point P (Fig. 2). When this is taken 
in consideration we get what we call the Interdependent characteristic 
of the valve. Let us suppose that R is the optimum resistance of coup¬ 
ling and I is the total change oi current flpwing through R (made up 
of the change in the plate current flowing through R together with 
is the change in the screen-current of the succeeding valve,) flowing 
due to voltage change V of the screen grid used as a signal. Then 

unless the ratio is greater than unity the valve will fail to work 
as an amplifier. Thus the valve must have Interdependent secondary 
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aix^ification factor greater than unity. This ehoiws why ordinary 
screen-grid or pentode valves cannot generally be used for this type 
of arrangement and forms an interesting speciality of 6 L 6. 



Fig. 2. 


Table II. 

Resultant characteristic of the amplifier. 


Vg (Grid volts) negative. 


I (plate current) 


0 

•2 

•4 

•6 

•8 

1 

1-2 

1-4 

1-6 

1-8 

2 



68 m. a 
62 
51 
51 
45 
39 
34 
28*5 
24 
21-5 
18*5 
16 
13*5 
11 
7*6 
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Grid volts. 

Fic. 3. 

For the hrst stage Mallard S P 4 is used the 2nd and 3rd stages 
are built around 6 L 6, and the over-all characteristic of the amplifier 
is shown in (Table II Fig. 3). 

Table II. 

Out-put Resistance — (5000) 

Plate voltage (200 vdts) 


Vg (Grid volts) negative. 


I. (Plate current in M. A.) 
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Grid volts. 
Fic. 4. 


One noteworthy feature of the arrangetnoit is that it ocxitains 
but 3 valves and 2 resistances only ; it is therefore extremdy compact 
and as it is only a resistance coupled (not resistance capacity coupled) 
arrangement, there is no reason why it should not be useful for 
D.C. A.F. and also for R.F. amplification. It is giving us very good 
service from 0 to 20 K.C. and it is intended to test it for still higher 
frequencies as soon as standard H. F. resistances are available. At 
very high frequencies the inter-electrode capacities will naturally have 
their effect. 

Apart from the actijial use to which it can be put and the limita- 
tkms it may have at present, the writer likes to think of it as a fore¬ 
runner of a universal amplifier. The modem trend in the design of 
vacuum tubes makes odr hopeful of such an arrangement and the 
progress that one sees in the design of valves sudi as 6 L 6 or deflec¬ 
tion type of valves may culminate in novel ways in which amplifiers 
can be built frcnn such an ordinary beginning. 

“ The deflection amplifier,” E. P. Rukun, Wireless World, Matdi 26th, 
1937, 

Eleetronics, September, 1936. 

"Deflection Cmtnd Tubes,” HauAtin, Mardi, 1936. 


THE STUDY OF THE OXY-COALGAS FLAME 
BY BAND SPECTRA 

By 

N. R. TAWDE & J. M. PATEL 
Royal Institute of Science, Bombay, 

1. Introduction. 

2. The Frobum. 

3. Experimental. 

4. Results & Observations. 

(t) Intensities. 

(u) Transition probabilities. 

(tti) * Comparison with theoretical values. 

(iv) Vibrational Energy & Temperatures. 

(v) Int^sity Centres. 

5. Conclusions & Discussion. 

I. Introduction. 

It is a common observation that a bunsen burner supplied with 
coal gas when lighted gives a luminous flame, gold-yellow in colour, 
if the air supply is completely stopped. If the air is gradually ad¬ 
mitted by opening the air cap, the extent of the flame gradually dimi¬ 
nishes, at the same time, the luminosity of the flame changes from 
gdd-yellow to colourless. A cone is seen in the flame after some time 
which diminishes with the increase of air supply. The colour of the 
cone changes and becoifies distinct greenish-blue when the air supply 
is maximum. Thorpe^ states that as the colour of the flame changes 
fian gold-yellow to non-luminious, the temperature as well as the 
votOme of the flame change, the volume being the least when the 
temperature is the highest. 

Methods of producing the flame. 

Thorpe* thus describes three differedt ways of producing the 
flames. 

(1) By igniting the inflammable mixture as it issues into a 
neutral atmosphere. 

(2) By allowing one of the combining gases to issue from an 
orifice into an atmosphere of the other, 
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(3) By having one gas in excess in the mixture and to aflow 
it to issue into an atmo^shere containing the oCher. 

Different conditions exist in all these three methods. The varia¬ 
tion of the gases causes the variation in the blue cone, as well as in 
the temperature of the flame. The velocity of the gas tends the in¬ 
ner cone to decrease, i.e., the vdocity of the cone is opposite to that 
of the gas. From such observations Thorpe^ ronarks, “ speaking of 
each flame as a whole, we may say that the hotness is greater in pro¬ 
portion as the surface is less.'* It is interesting to verify this state¬ 
ment by a number of experiments. 

Methods of MtAbURiNG the temperature 

Different authors used various methods to measure the tempera¬ 
tures of flames. They are summarised as follows :— 

(1) By using wires of different melting points. 

(2) By exploding the gaseous mixtures and calculating the tem¬ 
perature from the consequent increase of pressure. 

(3) By means of thermocouples. 

(4) By the use of the optical pyrometer in cases, where the 
flame ocxitains incandescent solids (the line reversal method). 

(5) By analysis of interconal gases and the application of 
thermodynamics. 

(6) By measurement of spectral intensities in a flame. 

Of these, methods (1) and (2) give results of only rough approxi 
mations. Consequently they have been rarely used. Methods (3) and 

(4) have been used by a number of investigators who have found the 
temperatures of different flame sources. The pyrometer method is 
the simpler of the two as far as the experimental technique is con¬ 
cerned. But the results derived from it are not expected to be so 
accurate as in the case of the thermocouple method. It is used in 
industrial concerns for rapid estimations of temperatures. The esti¬ 
mations and calculations involved in method (5) are laborious. Hence 
it is not much in use. But the last one i.e., (6) is relatively of recent 
origin and is in the process of development. It has so far been used 
by some investigators to determine the effective temperatures of flames 
and other sources in which characteristic band spectra are emitted. 

The problem 

In view of the theoretical importance which the subject of spec¬ 
tral intensities has received, it seems worthwhile to study experiment¬ 
ally a few of the aspects of intensities connected with electronic band 
spec^ of diatooiic molecules. These have come to the forefront on 
account of of intensities on which all our theoretical 

calculations V^ed and more so on account of some divergent 
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conclusions reached by different authors from the accurate quantita¬ 
tive data that is already at our disposal. 

No serious attempts were made for a long time to make quanti¬ 
tative measurements of intensities in band systems, lirobably on ac¬ 
count of the difficulties involved in the work due to large ^lectral 
ranges. It was Elliot^ who touched the subject for the first time and 
made his measurements of intensities on p —system of BO. This 
work was followed by that of Omstein and Brinkman* on violet 
CN-system. Among the recent workers in the field, we have Johnson 
and Tawde,^ Tawde"»* and Wurm.* The results of all these authors 
when examined critically reveal points of unusual character which 
cannot be settled unless experimental material is in our possession. 
In the following pages we shall describe experiments undertaken to 
investigate the Cj (Swan) system. The gross intensities in the system 
have been thoroughly estimated by Johnson and Tawde* by the me¬ 
thods of spectral photometry. The bands of the system have been 
produced by those authors untfer five different conditions of excitation 
and the results have shown certain features which require further 
elucidation from experiments. This is specially so with the effective 
temperatures of sources derived on the assumption of vibrational dis¬ 
tribution of energy, which in many cases do not coincide with true 
temperatures. 

It was, therefore, thought desirable to examine this point further 
in the case of oxy-coal gas flame in which these bantls occur without 
dilution. The fact that swan bands are due to Cg molecule is to be 
ascribed to the formation of Cg from coal gas and oxygen at a certain 
stage during the process of combustion in the flame. The high or low 
temperatures resulting from combustion of two gases in certain pro¬ 
portions is a consequence of the distribution of energy am(Mig the vib¬ 
rational and rotational levels and hence the intensity distribution 
among bands of the system and in the fine structure. 

By applying, therefore, the band spectroscopic methods, especi¬ 
ally the intensity measurements, it seemed worthwhile to study by 
vibrational distribution, the combustion and hence the temperature 
within the oxy-cml gas flame as these results along with similar ones 
of previous authors but by cither methods, would offer us some points 
of comparison. The advantage in selecting the swan system is that 
it occurs wholly within the visible veffxm and the bands comprising it 
do not run quite close to each other in sequences, an advantage in 
intensity measurements. Its distribution, moreover, has been charac¬ 
terised as of normal type. The two flame gases, viz., oxygen and 
ooal*gas could be passed at different pressures and allowed thus to 
mix within the jet in different proportkms. 
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3. Experimental. 

A q)ecially prepared blow-pipe burner with a jet (^)eiiiiig of 
1-95 nuns, was used in these experiments to produce the flame. The 
gases (coal-gas and oxygen) were allowed to enter the Uow-pipe 
throu^ the prc^ inlets. The gas pressures were measured by means 
of two oil manometers. Mercury manometers were tried in the 
beginning, but due to high density of mercury, they did not give accu¬ 
rate results and were given up. The coal-gas pressure was always 
kept constant i.e., 4 cms. and the oxygen pressure was varied from 
3*2 cms. to 0*8 cm., thus getting the required gas/oxygen ratios to 
be 1*25, 2, 3, 4, 5. The oxygen gas was of a commercial type-sup¬ 
plied in cylinders by the Lightfoot Refrigeration Co. The coal-gas 
supply was from usual gas fittings of the laboratory. Its pressure was 
found to be slightly fluctuating, but it was kept constant by keeping 
the oil levd steady in the manometer by means of a pinch-oock bet¬ 
ween the gas t^ and the blow-pipe. The mygai pressure in the bur¬ 
ner was constant throughout the experiment as the gas was coming 
from the cylinder at a fairly constant pressure of about 80 atmos¬ 
pheres. 

As has been shown earlier, in a work of this type, a low disper¬ 
sion ^)ectrographic instrument was found necessary and hence a 
Hilger constant deviation glass prism spectrograi^ was used. Its 
disperskm varied from 18*4 A. U. per mm. at 4365 A to 76*6 A. U. 
per mm. at 6191 A. 

Two exposures were given on the plate one after the other, one 
for ^rectrum to be measured and another for the intensity marks. 
The procedure followed was to photograph the spectrum for an inter¬ 
val, sufficient to cause a measureable blackening on the plate The 
regular slit was then removed and retraced by the step-dit. The 
ecposure was given throhgh this to the standard lamp for an interval 
of time equivalent to that of the spectrum so that the intensity marks 
came immediately after the spectrum c« the plate The importance 
of the equality between the times of exposure for the spectrum and for 
the oompariscxi intensity marks has been pointed out by Rdcveld.' In 
adjusting the time of exposure it is essential that the spectrum blackoi- 
ing should be intermediate betweoi the m^mum and minimum of the 
intensity marks. This was determined after several trials. The stand¬ 
ard lamp used was sui^lied by General Electric Company, Wembley, 
calibrated by Jdmson and Tawde at Government Chemical Labora¬ 
tory, London, and obtained by us through their courtesy. 

'it must be remembered that in the syston under investigation, 
there are bands ranging from maximum to minimum intensity. Coa- 
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sequently, it was not possiUe to get the whole system i^sotographed 
at a time with the exposures of the order needed for satisfying the 
above conditions: A small group of five or six bands of nearly equal 
intensity was chosen at a time and exposure given to it. Then a 
next group of similar number was taken including 2 or 3 bands of the 
first group which were, of course, intermediate in intensity between 
the first and the second group. It was thus necessary to divide this 
system of twenty-two bands into convenient groups in order to arrive 
at the estimation of their intensities on one relative scale. Several 
exposures were, therefore, found to be essential to get the intensity 
values of all the bands. The common bands between several groups 
enabled to correlate one exposure with the other and thus eliminated 
many errors involved in the photographic technique. In satisfying all 
the above conditions it was found that for each ratio of the coal-gas 
oxygen pressure, about four exposures gave the intensity distribution 
in the whole system. 

Many practical difficulties had to be encountered in adjusting the 
equality of the time of exposures. Either the standard light source 
was too strong in comparison to the flame or vice versa. These were 
sdved as far as possible by adjusting the relative distances of the 
sources from the spectrograph slit, so as to get blackening of the com¬ 
parative order. It was, however, kept in mind that the sources were 
not too near the slit as to cause non-unifom:\ity of light falling on it. 
Where either of the sources was too strong in intensity even at longer 
distances, a device for cutting down the intensities to the requisite 
degree by neutral filters was adopted, and this procedure was found 
to be very effective. 

The standard lamp during the exposure time was strictly run at 
12 volts with a current of 1-9 amps, in its filament, these being the 
conditions governing its calibration. No lens was used in front of 
this source, thus allowing the uniform distributon of light over the slit. 

The photographic plates were the Ilford Rapid Process Panchro¬ 
matic and were backed. These being of large grain, require less time 
of exposure which is advisable in work of this type. They were, more¬ 
over, found to give a good contrast. The development was carried 
out luider uniform conditions. A swirling device was used in order 
to cause the uniform flow of the developing solution over the plate. 
The temperature of all the photograidiic reagents used was maintained 
strictly constant at IS^’C throughout, as also the time of devdoping 
the ptete. The plates were developed in complete darkness imme¬ 
diately after the exposure. The develc^ing solution was rodinol dilut¬ 
ed in the ratio of 1 to 18 parts of water. 


11—B 
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Microphotometry 

The final plates chosen for measuring were microphotometered by 
means of a self-recording instrument. This was a Zeiss microphoto¬ 
meter belonging to the Science College, Patna, where this part of the 
work was done by the courtesy of the authorities. 

Before proceeding to obtain a microphotometer record, the spec¬ 
trophotometer was tested for accuracy and consistency. For this, the 
spot of lifi^t which'scans the plate was reduced to a size much smaller 
than the width of the band, satisfying at the same time the condition 
that it is able to cause maximum deflection between the limits of the 
transparency of the background of the plate and the perfect opacity. 
This was tested every time a new plate was mounted on the carriage 
of the microphotometer. To test the consistency and the reproducing 
power of the microphotometer, a trial record was taken in the case of 
a few band-heads by running the plate in one direction and then in 
the opposite. When this record did not show any duplicity of the 
curve obtained, the microphotometer was taken to be in a perfect 
adjustment. 

The procedure of measuring the plates under the microphotometer 
can be easily explained as follows :—The plate is adjusted on the car¬ 
riage of the microphotometer so as to get the spot of li^t to cross 
the required bands. This would give a photographic record of the 
measurei of blackening due to the band heads. When this has been 
obtained, the plate is removed and again mounted in such a way that 
the spot of light could run along the line of wave-length of one of 
the band heads to be measured so as to cross the intensity marks. If A 
is the wave-length, then the subsidiary spectrum taken on the 
other side of the intensity marks would enable to define exactly the 
direction of movement across the intensity marks. Thus we get two 
types of records for ea^h band head, one for its own blackening and 
the other for the calibrated intensity marks <^posite to its wave¬ 
length. In this way, several microphotometer records were obtained 
for each of the coal gas/oxygen ratio readings. 

Measurements were made on the records for io and i values from 
which we could express thq densities of blackenings due to intensity 
marks in each wave-length of band to be measured and a graph pre- 

i© 

pared expressing the log—p values against the widths of the step- 
slit. These latter are obviously taken to be proportional to intensities. 
The scale is such that the maximum slit-width represents an intensity 
of ^100 units. These widths were measured accurately by microscope. 
After blackening-intensity curves are prepared for the given bands on 
any one plate, the actual blackenings due to the peaks are located 
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on these and expressed in tenns of intensities. The comparison bet¬ 
ween different plates was obtained by a few bands k^t common in 
both. Thus if a, b, c and d, e, f are the two s^ of band heads 
measured on one plate and d, e, f and g, h, j are those on the other, 
then the intaisity scale for each of the sets of six bands differs 
according to the constant of the plate. The ratio between the scale 
of the common bands d, e, f on each enables intensities for all 
the bands a, b, c ; d, e, f; g, h, j to be placed on one common scale. 
We thus get all the bands on a relative scale of intensity which takes 
into account the variation of plate sensitivity with wave-length. To 
express this scale in terms of the energy units' of the standard lamp, 
we multiply these values with the energy units of the lamp at corres¬ 
ponding wave-lengths by the help of its calibration curve. These 
values are then expressed on a scale. No correction is necessary 
for the reflection and absorption losses within the spectrograph as 
these are expected to be the same both for the spectrum and the 
accompanying intensity marks. 

4— Results and Observations. 

(i) Intensities and l/v* values, 

A relative scale of intensities has been fixed which is based on 
the assumption that the (o, o) band has the intensity of 100 units. 
All the other bands are expressed in terms of this. For all the five 
ratios, the intensities determined are giVen in Table I. 

Table I. 

I and l/v^ values. 


COAL GAS/OXYGEN RATIO. 


1-25 


20 


Bands. 


2,0 

3.1 

4.2 

1,0 

2,1 

3.2 
43 
5,4 


14-9 

5-48 

22-4 

813 

24-5 

8-84 

61-6 

30-9 

32-6 

l&O 

27*8 

13-5 

17-0 

&17 

231 

10-9 


8*43 

3^09 

27-3 

9-93 

49-2 

17- 8 

54-0 

271 

34-3 

170 

S12 

151 

18- 5 
8-86 
26>4 
12-5 


18-0 

&60 

38-8 

141 

57-7 

20’8 

66*6 
33-4 , 
40*8 
2ai 
35*4 
17-2 
23*1 
U1 
28*5 
13-5 


14*6 

538 

29*0 

10-5 

43*6 

15-7 

62*9 

315 

50*2 

247 

47*9 

23-2 

31*5 

15-1 

39*4 

187 


5 


7*48 

274 

19*4 

706 

23*9 

8-64 

70*2 

351 

48-1 

23-7 

40*6 

19-7 

28*4 

136 

33*6 

15-2 
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Tabu 1 (Cantimud) 


Baxids. 

COAL GAS/OXYGEN RATIO. 

1*25 

2*0 

3 

4 

5 

0,0 

100-0 

100^ 

100*0 

100*0 

100-0 


710 

7h0 

71*0 

71*0 

71-0 

1,1 

28*3 

35-9 

37-9 

43*5 

410 


29-5 ' 

24-8 

261 

30*0 

28*3 

2,2 

8*3 

10-8 

11*1 

10-9 

10*2 


561 

727 

7*47 

7*32 

6*86 

0.1 

24-9 

29*5 

35*2 

40-1 

35'7 


25-1 

29-8 

35*5 

40*4 

35*9 

1,2 

18*2 

14‘1 

25*2 

28*3 

22-4 


18-3 

142 

24*4 

28-5 

22*6 

23 

13-1 

815 

17*1 

20*4 

13*7 


13-2 

8-20 

17*2 

20*5 

13*8 

3,4 

8-32 

5-28 

11.9 

13*4 

9*97 


8-37 

5-31 

12*0 

13*4 

10*0 

4,5 

4-36 

4-13 

4-63 

6*6 

4-69 


438 

417 

4*65 

6*7 

4*71 

03 

5*16 

9-09 

6*83 

10*1 

12*7 


758 

13-2 1 

10*0 

14*9 

18*6 

13 

5*29 

9-92 ! 

6*13 

7*74 

10*7 


7-41 

139 

8*60 

10*8 

15*0 

2.4 

3-98 

8-89 

5*03 

6*26 

8*55 


536 

12*0 

6*78 

8*43 

11*5 

33 

2*77 

4-68 

4-45 

6*10 

7*56 


3-59 

&07 

5*77 

7*91 

9*80 

4,6 

2*43 

3d6 

4*12 

4*51 

4-93 


305 

3*97 

5*18 

5*66 

6*19 

5.7 

1-63 

2-40 

1.91 

3*25 

2-64 


199 

2*93 

2^33 

3*79 

3*22 


The numbers in Itdics indicate I/v4 values. 


The importaiKe of the quantity I/v4 arises on aocxxint of the 
fact that I the intensity of any band is proportional to the 4th 
power of the frequency emitttid, the transition probability and the 
exponential due to Boltzmann distributum of vibraticxial energy in 
the initial state at any temperature T. Thus 


I * A. V*. P^^,e kT 


. ( 1 ) 


where A 



k 

t‘ 


= constant 

= Initial vibrational energy 
= Transition probability from initial level v' to final 
level v". 

= Bdtzmann Oxistant. 

= Absdute temperature. 
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_V' ^ 

= kT.(2) 

The quantity on the left hand side is proportional to the statistical 
weij^t of the band concerned. The values of \/v* are therfore 
calculated for eadi band and entered in Table I, below the values of 
intensities. The weights X\/v* for each initial vibrational levd 
derived from I/v« values are ortcred in TaWe II. 


Table II. 

I/v4 values of initial levels. 


Initial vibration leveL 

GOAL GAS/OXYGBN RATIO. 


1-25 

2 

3 

4 

5 

v' = 0 

103 

114 

116 

126 

125 

v' = l 

76-2 

80-0 

92-6 

101 

101 

^ = 2 

45-7 

47-4 

58-2 

66-4 

58-6 

v' = 3 

33-6 

36-4 

49-0 

55-1 

46-6 

v' = 4 

24-4 

34-7 

41-7 

43-2 

331 

v' = 5 

12-9 

15-4 

15-8 

22-5 

1 

19-1 

Weight of the system. 

295-8 

327-9 

373-3 

414-2 

383-4 


(ii) Transition Probabilities 
The equation (2) above can be written in the form 


I/v‘=N.Pyye 




(3) 


« ZI/V* Py/y//® 



. . (4) 
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irtiere N rq>reaaits the tnunber of mdecutes in the initial state and 
is rqdaoed 1^ tl/v* the satirical weaf^t of that levd in equa¬ 
tion (4). 

Hierefore, 


w “ ’’vv*' «■ 


(5) 


The ratio on the left ade in the above tdatioo represents a 
number proportional to the rdative transition probability of any band. 
To calculate this, we have divided l/v* value of each band by the 
appropriate Xl/v* for each v'-levd and thus arrived at the values 
in Figs, 1, 2, 3, 4, 5. They represent the experimental values of 
transition probabilities. 


Fic. 1.—Tranation Probabilities Gas/Oxygen Ratio = 1'25. 
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Fic. 2.—^Tranation Probabilities Gas/Oxygen Ratio = 2. 



Fig. 3.—Transition Probabilities ■Gas/Oxygen Ratio = 3. 
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Fia 4.—Tnmiftiaa Probal^ties Gaa/Ocygen Ratio = 4. 
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(iii) Derivation of th^etical results and their comparison with 
experimental values. 

(a) Morse’s potential energy expression. 

According to the graphical method of Condon, we have arrived 
at the values of maximum transition probabilities by drawing the 
potential energy curves accurately to scale by means of the expressiwi 
of Morse® given below : 

U (r) = De (l-e ) 

The spectroscopic constants in this expression for Cg molecule (Swan 
System) are taken as those given in a previous paper by Johnson 
and Tawde.^ The theoretical locus of maximum transition probabili¬ 
ties is indicated by parabolas in Figs. 1, 2, 3, 4, 5. 

(b) Rydberg’s potential energy function. 

We have also shown in the same figures, the locus of maximum 
transitions by using Rydbergfe expression, which though empirical, has 
been found to give good account of itself. For instance, Johnson and 
Dunstam® in the case of BeO and Tawde® in the case of Ng (second 
positive) find the results of maximum transitions derived' from it agree 
better with experiment. The form of Rydberg’s expression is 
U (r) =De (ax+1) er-« 

Except for a, the values of spectroscopic constants in the above ex¬ 
pression are the same as those in More’s.* For a, the values for upper 
and lower states are calculated as 

a' = 2-668 ; a" = 2-072 

(iv) Vibrational Eriergy and Temperatures. 

It can be shown from equation (1) that 


-E , 


I/v* = Ae 


O+P” 

kT ' 


v'. 1 + ^'v’, 2.) . 


( 6 ) 


If we assume that the sum of transition probabilities 

practically the same for all v'^—^progressions, we get 


s I/v‘ oc e ... 

Taking t l/v* to be proportional to N. the number of molecules in 
the initial vibrational state, the above expresskm can be written as 


N = Noe 




kT 


. ( 8 ) 


II—F 
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where No<» number of molecules m the zem vibratknal state. The 
above equation (8) can be rewritt en as 

« hTlog ^.(9) 

Now writing 

= he [(1)'^ (v'+i)-a)gX'g (v + i)*] 

we get 

w'e(v'+4)-a)'gX'g(v' + i)*-i T log,-?| . . . (10) 

Substituting the values of vibrational constants for the upper 
state of Cx—Swan System,, we get 


1792-77(v' + J)—19'35(v' + 4)* = 1-6083 T logi, . (H) 

Nyl 

Converting from N, to basis, we get 


Ni 

1792-77 V'—19-35 v'(v' -f 1)= 1-6083 T log,, ^ . 

v' -f 4 


( 12 ) 


The above equation (12) has been derived cm the assumption of 
statistical equilitnium of molecules in the initial vibrational states 
at a temperature T. This temperature of equilibrium can be cal¬ 
culated if we know the expression on the left hand side and the 


quantity logj# -—=— and will be termed the effective ‘ vibrational ’ 

* N. 

teiiq)erature. By oonstrueting graphs Stowing logi„ —as a 

Nv' + 4 

function of vibratimial energy, we could get the slope 1-6083 T and 
hence the absolute temperature T. These temperatures for all the 
five {^/oxygen ratios are given below : 


Coalgas/oxygen ratios: 1-25 ,2 ,3 ,4 ,5 

Temperatures : 6200‘'K, 6600'’K, 7800°K, 8200‘’K, bOOCK. 

A curve is drawn ccxinecting the gas/oxygen ratios and the re¬ 
sulting tenmeratures. This is given in Fig. 6. Another curve is 
{dotted in Fig. 7 showing the rriation between the gas/oxygen ratios 
and the length of cone in the flame as this has a bearing on temfie- 
rature. 
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(v) Intensity Shifts 

The method of studying the intoisity shifts has been given by 
Johnson and applied by him in the study of Nj (first positive) 
system. 

If Ii the intensity at 



and so on .... 
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we can get the centre of intoisity for the whole group of wavelengths 
by the following equation : 


” .... 

^ Ii + Is + I* .... 

SIX 
" SI 

where *X is expressed as the wavden^ at whidi the ‘centre' of 
intensity lies. By centre of intensity, it is meant as if the centre of 
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gravity of the viwle set of intenaties or distribution of diiferwt in¬ 
tensities in a group. 

In a work of this type where there are large groups of intmaitien, 
viz., intensities of sequences in a system and those for the whole 
system under different ocxiditions, a study of A values as above would 
serve a source of useful informaticm. We have therefore raimiataH 
these for each of the sequences and for the whde system under all 
the conditions of the gas/oxygen ratios. These results are altered in 
Table III. 

TABLE III. 


Intaiaity centres for sequences and system. 


Sequences. 

COAL GAS/OXYGBN RATIOS 

1-25 

1 

2 

3 

4 

5 

0,2 

6077-9 

6084-5 

6072-3 

6075-0 

6082-3 

0,1 

5577-6 

5588-6 

5579-8 

5578-2 

5583-1 

0,0 

5153-6 

5151-4 

5151-0 

5150-5 

5150-9 

1.0 

4712-0 

4709-7 

4710-5 

47071 

4709-4 

2.0 

4371-6 

4368-8 

4370-0 

4370-4 

4370-1 

Intensity centres for the system. 

4996-0 

4996-5 

4981-3 

5008-4 

5050-3 


5. Conclusions and Discussion 

The results of intensities and transitiem probabilities show good 
agreement with established relations as r^rds the fundamental con¬ 
cepts of Condon’s theory. The course of maximum transition pro¬ 
babilities remains almost the same in all the five cases of gas/oxygai 
ratios as can be seen from Figs. 1 to 5. This leads us to conclude 
that the distribution of transition probabilities is independent of the 
conditirms in the flame. It appears that the process of coal gas- 
oxygen combustion in the flame takes place pretty slowly so-as not 
to cause any wide departure in the course'of the maximum transi¬ 
tions from one condition to the other, except for a new tonperature 
equilibrium whidh is probably attained as a result of modification in 
the initial distribution. 

FHH and Cameron^® woiking mi intensities of the) first positive 
bands of Nj have shown that the probability of transitions should be 
of the conditions of excitatioa Such a conclusion, ac- 
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oording to them poseibie only if the inoportionality factor is oon- 
stant for all the bands having a ooimnoa vfper level. It is not 
likdy that this will be a consequence of Ftandc-Condon principle 
rrtiich only governs the maximum transition probabilities. Taking 
our expmments with different gas/oxygen ratios as the five cases of 
exdtatioo and calculating on the lines suggested by Elliot and Came* 
ron,^<* we cannot trace any constancy in proporticmality factors b^* 
ween intenaties for bands having common t 4 )per level. This is evi¬ 
dent from the horizontal rows of table IV, in whidi the factors cal- 

TABLE IV. 

Profxxtiooality Factora. 


Correlatian hutors for gasioxygen ratios. 


Transitions compared 

Gas/oxygen Ratios. 




1-25 

2 

3 

4 

5 

(1,0) 

to 

(1.1) 

2-177 

1-507 

1-757 

1-448 

1-711 

(1.1) 

to 

(1.2) 

1-552 

1-542 

1-504 

1-536 ' 

[ 1-827 

(1,2) 

to 

(1.3) 

3-447 

1-423 

4-109 

3-657 

2101 

(2,0) 

to 

(2, 1) 

0-425 

0-248 

0-439 

0-292 

0-155 

(2, 1) 

to 

(2,2) 

3-908 

3-179 

3-683 

1 

4-618 

4-710 

(2.2) 

to 

(2,3) 

0-634 

1-323 

0-648 

0-533 

0*746 

(2,3) 

to 

(2,4) 

3-307 

0-917 

3-407 

3-228 

1*601 

(3,1) 

to 

(3.2) , 

0-804 

0-877 

1-093 

0*604 

0-478 

(3,2) 

to 

(3,4) 

3-347 

5*906 

2-977 

3-581 

4075 

(3,4) 

to 

(3.5) 

3-003 

1-128 

2-676 

2*193 

1-381 


culated for some transiticns with common upper level show wide 
departure tmia each other. It does not seem reasonaUe, therefcMe, 
to suppose that the probability of any tranation is mdq)endent of 
the conditions of ^citation, any such omclusion being true only as 
far as ilMMnaximum probabilities are concerned. This latter is a 
well-kgij ^jt ponseqttence of Crxidon’s theory and has been verified 
aq)^mHPfDy. As r^rds the probabilities of transition, it is not 
pqssiUe to predict them unless the theory of transition probabilities 
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Out of the two expressicms for potential energy quantitativdy 
examined, we find better agreement of experimental values with the 
theoretical ones derived from the Rydberg’s expressicm, a view whidi 
is in oonfirmity with that repressed by Tawde.® Tilis occurs under 
all the cases studied and can be verified with reference to Figs. 1 to 
5. This agreement; is dose ^)ecially in the branch 
while the Morse ^ression gives transitions which deviate widdy 
from experimental values in this brandi. In the branch 

both the Morse and Rydberg expressions give results which ooindde. 

An estimate of probability of various initial states is obtained 
adding up the intensities under given values of v'. It appears that 
the maximum occurs at v' '= 0, there bdng a gradual fall for higher 
va|pli||| v'. The distribution of intendties about sequences shows 
that tiitttnaximum occurs in the sequence v'—v" = + 1 and there is 
a marked preponderaiKe towards waller values of Av. This latter 
is a feature of many band spedra. 

Whether the additions examined approximate to low or hi^ 
temperature distributions, we are led to conclude from the results 
that the distribution is definitdy a high temperature one, as there is 
an increase of intensity as we pass away from the sequence with 
v' - 0 towards the higher values of v'. Typical low temperature 
distrit .tion is usually characterised by a rapid fall whidi is not ex¬ 
perienced here. 

To dedde whether the distribution as obtained by exdting the 
bands in the oxy-coal gas flame is thermal or non-thermal in character, 



we can calculate by assuming the Boizmann factor e kT the 

probabilities of occurrence of various sequences. These support the 
oondusion that the excitation in the present case is a thomal one 
as the bands (0, 0), (1, 0), (2, 0) appear approximatdy with rela¬ 
tive intensities as expected from theoretical omsiderations. 

The results of temperatures are such that definite oondusions 
cannot be drawn from them. The tonperatures calculated range 
from 6200‘’K to 8200°K and this order is nowhere near the actual 
value which one should expect in the oxy-coal gas flame, within the 
range of gas/oxygen ratios examined. From thermal experiments, the 
temperature of oxy-coal gas flames should be somewhere about 2500° 
to 3000°K. The derivatim of higher values means that molecules are 
not in statistical equilibrium in the ui^r vibrational states at the 
tonperature of the source, a condusion vdiidi confirms the previous 
observations of some of the aulhors. The qjectioeoc^ic results so far 
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availaUe pcwt to the cooclusion. that Bdtzmann distribution exists 
only in the case of arc. This is so from the results of Omstein and 
Brinkman* and Tawde>^ However, if one could examine the varia¬ 
tion of the values of tenQ)eraitures with the gas/oxygen ratios, one 
comes across a result which is similar to that found by Loomis and 
Perrott.** This has to be studied with reference to Fig. 6. The 
grai^ has a maximum between the ratios 3 and 4. But we have 
reasons to believe that this cannot be the real state of affairs as the 
maximum temperature from the size of the cone and the ajqiearance 
of the flame should be attained somewhere between the ratios 2 and 
3. The graph of Fig. 7 which gives the idation between thd size of 
the cone and the gas/oxygen ratios has a minimum between the ratios 
2 and 3 and this according to considerations of Thorpe^ sluMill jor- 
re^xmd to maximum temperature in the flame. 

We are unable to detect a regular relation between the positions 
of ‘intensity centres’ and the gas/oxygen ratios probably due to 
Bdtzmann distribution being not attained, or the temperature varia¬ 
tion from one gas/oxygen ratio to the other, may be of the order of 
errors, which is quite likely. It may however, be noted that intensity 
tends to ^ft to less refrangible side as the gas-oxygen ratio increases. 
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Summary 

(1) Gross intensities of (Swan) system exated in oxy-coal gas 
flame with varying proportions of coal gas and oxygen, have 
been measured by the method of photograirfiic photometry, 
using a standard lamp and calibrated st^-slit. 

(2) Thd transition probabilities have been derived from the poten¬ 
tial oiergy curves using Morse’s and Rydberg’s expressions and 
compared with the experimental results. 

(3) The effective temperatures for all the conditions are derived 
ati the assumption of the statistical equilibrium of molecules in 
the initial vibrational levels. The results are discussed from 
various stand-pointy. 
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MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS 
Part I—INTERACTION OF FERRIC HYDROXIDE 
AND PRUSSIAN BLUE SOLS 

By 

P. M. BARVE, Y. S. PARANJPE* AND B, N. DESAI 
Physical Chemistry Department, Wilson College, Bombay. 

Introduction 

If an electrc^yte is added to a colloidal solution, flocculatioQ 
occurs as a result of preferential adsoiption of the oppositely charged 
ions of the electrolyte on the colloidal particles. Similarly if two 
colloidal soluticms with qjpositely charged particles are mixed together, 
coagulation should occur under certain circumstances. It is known 
that if the particles of one of the sols are in a large excess, coagula- 
tionl does not occur and the mixture, although more turbid, has the 
properties of the sol whose particles are in excess. Between the two 
limiting cases in which are or the other sol is in decided excess, there 
is an intermediate zone in which mixing completely or partially coa¬ 
gulates both the sols. Since coagulation can occur even when parti¬ 
cles are not oom{detely discharged', complete coagulation is observed 
not only at a definite ratio between the quantities of the two particles, 
but over a comparatively large range of different ratios. 

The mechanism of mutual coagulation is, however, not very sim¬ 
ple as the colloidal solutions besides having oppositely charged parti¬ 
cles, also have peptising and other electrolytes (formed as a result of 
double decomposition during preparation of the sols). Under the 
circumstances when two colloidal solutions are mixed there will also 
be precipitation if the dectrolytes present in the mixture form an 
msoluble salt. The electrolyte in each sol will also affect the distri¬ 
bute of ions in the double layer round the cdloidal particles of the 
other sol when the two sols are mixed and thus alter their stability. 
Thus Weiser and Chapman (/. Phys. Chem., 1931, 35, 543; 1932, 
36, 714), came to the conchision that the process of mutual coagu¬ 
lation may be determined by a number of factors, namely, (1) elec¬ 
tric neutralwatkMi of charge, (2) mutual adsorption of the colloidal 

^ - 
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partides, (3) interaction between stabilising ions, and (4) the pre¬ 
sence of free electrolytes in the sols. Hazel and McQueen (ibid., 
1933, 37, 571) have suggested from their experiments that a mecha¬ 
nism of mutual coagulation solely dependent upon dhemical reactions 
between the stabilising ions or a simple preferential adsorption of 
(Mie of these ions is improbable. 

In the present investigation mutual coagulation of colloidal ferric 
hydroxide (+vely charged) and Prussian blue (—vely charged) 
has been studied with reference to changes in the charge on the parti¬ 
cles and decrease in the amount of electrolytes in the sois by having 
recourse dialysis. 

Experimental 

Colloidal ferric hydroxide was prq>ared in the same manner as 
done by Desai and Borker (Trans. Faraday Soc., 1933, 29, 1269; 
and Prussian blue by the method used by Mankodi, Barve and Desai 
(Proc. Indian Acad. Sc., *1936, 4, 480). Dialysis was carried out 
in parchment paper bags as usual and the cataphoretic speed (cat. 
speed) determined exactly in the same manner as done by Desai 
and co-workers (loc. cit.). 

m large number of preliminary experiments it was found pos¬ 
sible to fee up the concentration of the colloids and the rate of dia¬ 
lysis such that both the sols have comparable coagulating concen¬ 
trations and the dialysis (purification of the sols) proceeds at nearly 
the same rate. 

The following procedure was adopted for locating the zone of 
complete mutual coagulation : 

The two sols were mixed in a uniform manner in such amounts 
that the total volume was 10 c.c. By increasing the amount of one 
colloid and correspondingly decreasing the amount of the oth^, it 
was found that upto a particular value of the ratio of the two col¬ 
loids there was no turbidity at all. Thereafter the turbidity appear¬ 
ed (turbidity in this case is only due tp flocculation and not due to 
precipitation of an insoluble salt) and continued over some range and 
then again at some other ratio of the amounts of the two colloids, 
the mixture became clear. The zeme of coagulation thus correspcxids 
to the range between these two limits. ^The range could be deter¬ 
mined correct upto OT c.c. of a colloid without any difficulty. In 
each case the appearance of turbidity was determined by looking 
through the test tube at a dark translucent screen covered with white 
lines. The point at which the lines became indistinct was cemsider- 
ed as the standard turbidity in each case. Similarly whai the lines 
became distinct it was taken that the turbidity had disappeared. 
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It waB found that the tuiMdity adiicfa appeared due to mutual 
ct ^tlafinn migrated on cattqdjoresis towards that pole whose diarge 
was opposite in sign to that of the paitides of the sol present in 
excess. Over the range of mutual coagulation the cat. qieed conti< 
nuoudy decreased and readied a zero value after which the turbidity 
on adding increasing amount of the oppositdy charged colknd began to 
move towards the other pole. 

No change in the width or the location of the zone was detected 
either when prassian tdue sd was added to ferric hydroxide; or vice 
versa. 

The temperature! of the experiments was kept at 30°C. 

Results 

The results of mutual ooaplatkm are given in Table I. 

TABLE I. 

Mutual precipitation of Ferric hydroxide by Prusdan blue, both of 
varying purity. Numbers in the different columns refer to c.c of Ferric 
hydroxide in 10 c.c. of the mixture of ferric hydroxide and prusaan blue. 
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A = ^rpearanoe of turbidity. 

Z « Zone of predpitatiai. 

D = Disaivearance of tuitidity. 


The results for sols dialysed for the same periods taken from 
TaUe I (thp> A and D values) are (dotted in Fig. 1. Fig. 1 thus 
gives the width as well as the (nsition of the zone of mutual coagn- 
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lation (shaded portion) at different periods of dialysis, t.e., different 
stages of purity of the ads. 

The cat. ^)eed resultd of the two sols are also plotted in Fig. 1 
curves 1 and 2 being for Prussian blue and ferric hydroxide, respec¬ 
tively. ^ 

Discussion 

It will appear from Fig. 1 that the cat. speed, ue., the charge on 
the colloidal particles of both the sols first increases, reaches a maxi¬ 
mum and then decreases with the progress of dialysis. These le- 
sults are exactly similar to those obtained* by Desai and co-workers 
(loc. cit.). The changes in charge during dialysis have been ex¬ 
plained by Desai and oo-workers by assuming that the process of 
dialysis can be taken roughly as a reverse of the process of adding 
small increasing amounts of the peptising agent to the colloid so far 
as the influence of the electrolyte on the cat. speed is amcemed. Thus 
as the amount of the peptising electrolyte in the intermicellary liquid 
continuously decreases during dialysis, some of the oppositely charged 
ions, which are bound with the preferentially adsorbed similarly 
charged or primarily adsorbed ions as a result of electrical adsorp¬ 
tion, will become free as their concentration in the sol diminishes. 
This process will result in an increase in charge on the colloidal 
particles as the charge is due to those primarily adsorbed ions which 
are uncovered, i.e., are free, the oppositely charged ions being away 
in the outer sheet of the double layer. At the same time the chances 
for the desorption of the preferentially adsorbed siimlarly charged or 
primarily adsorbed ions from the surface of the particles, i.e., from 
the inner sheet of the double layer will also increase as their concen¬ 
tration in the intermicellary liquid diminishes; the charge will de¬ 
crease due to this effect. The primarily adsorbed ions being how¬ 
ever strongly adsorbed as a result of chemical affinity, their desorp¬ 
tion will occur only when their concentration in the intermicellary 
liquid becomes very low during dialjrsis, i.e., only in the later stages 
of dialysis (after 15 days in the present instance). 

From Table I it will appear that the changes in the range within 
which mutual coagulation takes place when to one of the sols dialysed 
for a certain period another sol dialysed for different periods is added 
are not quite regular (changes in values of *Z* in any vertical 
column or any horizontal ipw of the table). This is due to the 
fact that the sol dialysed for different periods has varying amounts 
of dectrolytes, whidi affect the other sol dialysed for any fixed 
period in differait ways. The process of charge neutralisation being 
complefl in these cases, there are no regular variations in the values 
of‘Z^ 
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It will howevoT appear that if we consider the mutual coagula- 
tiflo of both the sols dialysed hu* the same periods (underlined 
values in TaUe I), there is a striking regularity in the variatioa of 
the width of the zone^ i.&, the values of ‘Z’. The width of the 
zone of mutual coagulation is largest for the impure sols (0 day 
dialysis—Z = 6'6 units) and the long period dialysed sds (23 days 
dialysis—Z — 7-7 units) and is minimum (Z =0-1 units) for both 
the sols dialysed for 15 days. In other words the range within 
which mutual coagulatim occurs on mixing the two sols is smallest 
for 8(ds dialysed for 15 days and larger than that value for sds dia¬ 
lysed for periods shorter or longer than that period. Since the diarge 
in both the cases first increases and then decreases (Fig. 1) during 
dialysis, the width of the zone first decreasing and dren increasing at 
the same time. Thus it appears that there is some rdation between 
the variation in the charge on the colloidal particles of the two sols 
and the width of the zone of the mutual coagulation. In what 
fcdlows the relaticxi between the charge on the particles and the width 
of the zone will be discussed. 

Of the four factors which have been considered by Weiser and 
Chapman (loc. cit.) as being re^xmsible for mutual coagulation, the 
(me due to the interacticni of the stabilising ions is inoperative in the 
present case as both the sols are acidic, one due to the presence of 
hydro(diloric acid and the other due to the presence of oxalic add. The 
effect of impurities in the colloids will be most pronounced for undia¬ 
lysed sols when both of them contain {^preciable amounts of the elec¬ 
trolytes and will decrease with the progress of dialysis, being minimum 
when the sols are pure. Regarding the mutual adsorption of the oppo¬ 
sitely charged partides of one sol by those of the other, it is certain 
that its effect will be to n»itralise the charge. In fact the greater 
the charge on the partides of both the sols, the greater will be the 
attraction between them due to electrostatic forces and hence the 
greater the mutual adsorption. The mutual adsorption of the 
podtely charged partides of one sol by those of the other will first 
increase and then decrease due to changes in charge during dialysis. 
The fourth factor that is, the neutralisation of electric charge on the 
partides of the two sols will depend up(m the adsorbability of the 
(^positely charged ions of the electrolytes by the particles of eadi 
s(4 in the mixture as well as on the mutual adsorptioainjlie opposite¬ 
ly charged partides of one serf by those of the other. 1w neutralisa- 
tkn of the charge due to adsorption of oppositdy charged i<ms from 
the mixture will be progressivdy decreasing during dialysis as the 
amounts'bf different electrerfytes continuously decrease, while that 
due to mutual ads(»pti<m will first increase and then decrease. 
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Generally speaking the greater the charge on the partides the 
greater the farces of repulsion between them and the greater the stabi¬ 
lity of the 8(d. It should, however, be mentioned that the stability 
of the 80(1 as determined by flocculation values with eipctrolytes does 
not always go hand in hand with the charge because of the compli¬ 
cations kitroduced by electrolytic impurities initially present in the 
sol as shown by Desai and co-workers {loc. cit,). The sols begin to 
coagulate on mixing as soon as the charge on the partides of either 
of them is reduced in the manner contemplated above to such a limit 
that the kinetic energy of the partides exceeds the work of repulsion, 
thereby allowing the particles to approach sufficiently near for the 
action of cohesive forces. The aggregates formed may contain either 
particles of the same substance as in the case of coagulation of any 
one sol on addition of electrolytes if the charge has been reduced as 
a result of dectrical adsorption of the oppositely charged ions in the 
mixture or partides of both the sols if the charge has been reduced 
as a result of mutual electrical adsorption or a mixture of both the 
of particles. 

Now if a sol with a high charge on its particles and hence 
having great stability is to be coagulated by the oppositely charged 
colloid, (considering that the charge reducti(Mi takes place only asi a 
result of mutual adsorption), the amount of the latter will have to be 
sufficiently large to lower down the charge to such a value that ag¬ 
gregation can take place as mentioned above, produdng turbidity. 
Similarly the disappearance of the turbidity or its appearance from 
the other end ( i.e., when the second colloid is in excess) will occur 
only when there is large amount of the coagulating colloid from that 
end. As a result of this the zone of precipitation will be narrowest 
or the value of ‘ Z' will be lowest when the partides of both the 
sols have greatest charge. On the other hand if the diarge on the 
partides is low, the coagulation will begin at a low concentration 
of the other colloid as the charge will have to be reduced only slight¬ 
ly for allowing coalescence to take place. Similarly the appearance 
of turbidity from the other end will also be at a low concentration 
of the other colloid. In this case the zone of precipitation will be 
relatively large. Thus the sols whose particles have smallest charge, 
i.e., undialysed (0 day dialysis) or highly purified sols (23 days 
dialysis) will have largest zone of mutual’coagulation. 

In the above paragraph the variations in the width of the zone 
have been considered on the basis that the reduction in charge to 
allow coalescence to take place and to produce turbidity, occurs as a 
result of mutual adsorption alone. As mentioned before the reduc- 
ti<ni in charge will also take place due to electrical adsorption of the 
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owxwtdy charged ions of the electrolytes in the mixture. In ttie 
case of undialysed sols as the amounts of dectrcdytes in th^ are 
appreciable, even small concentrations will also reduce the charge to 
such a value that coalescence can take place, the electrical adsorp¬ 
tion of the oppositely charged ions of the electrolyte in the mixture 
being strong. Thus the width of the 25one of mutual coagulation will 
be largest for uridialysed sols. With the progress of dialysis as the 
amounts of dectrdytes in the sol decrease, higgler concentrations will 
be required for producing the same degree of turbidity and hence the 
width of the zone of mutual coagulation will continuously decrease. 
If the effect of electrolytic impurities is alone responsible for the 
changes in the width of the zone, the width should be smallest for 
hiddy purified sols. But as will be seen from Table I, the value of 
‘ Z' decreases only upto 15 days of dialysis and increases thereafter. 
It is therefore clear that upto 15 days of dialysis, i.e., till the maxi¬ 
mum value of charge and the lowest value of ‘ Z' is readied, the 
effect of both mutual adsorption and electrolytic impurities should be 
ccMisidered, while the mutual adsorption alone is important for in¬ 
crease in the value of ‘ Z' for sols dialysed for periods longer than 
fifteen days. 

Our results do not support the generalisation of Weiser and Chap¬ 
man (loc. cit) that the zone of mutual coagulation is quite narrow 
if both the sols contain little or no free electrolyte although their other 
generalisation that the zone is widest for impure sols is supported; 
it should, however, be mentioned that even in the latter case the 
mutual adsorption has to be considered as controlling the width of 
the zone besides the electrolytic impurities. The difference between 
our observations and those of Weiser and Chapman is probably 
due to a difference in the nature of the colloids investigated and the 
purity of the sols. 


Summary 

Mutual coagulation of ferric hydroxide and prussian blue sols 
with the progress of dialysis has been studied with reference to 
changes in charge on the particles during dialysis. It is observed 
that with progress of dialysis the width of the zone of mutual coagu¬ 
lation first decreases and then increases, the charge on the particles 
of the two sols first increasin| and then decreasing at the same time. 
The results are discussed Mpk the point of view of changes in the 
mutual adsorption of the oppositely charged partides of one sol by 
those of the other and in the amount of electrolytic impurities during 
dialysis. 

i* 
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THE ACTION OF NITRIC ACID ON MERCURY—PART I. 

By 

MADHAVLAL SUfOlLAL SHAH AND BHASKAR GOVIND JOSHI 
The Madhavlal Ranchhodlal Science Institute, Gujarat College, Ahmedahad, 

The action of nitric acid on metals has attracted the attention of 
chemists since a long time and although much intensive work has 
been done and many working hypotheses have been developed, a com¬ 
plete satisfactory explanation of the mechanism of the process has 
not yet been arrived at (Bancroft, /. Phys. Chem., 1924, 28, 475; 
Milligan and Gillette, ibid., 1924, 28, 744; Palit and Dhar. Zeit. 
anofg. Chm., 1924, m, 191'; Dhar, /. Phys. Chem., 1925, 29, 142). 
In the present work attempts have been made to elucidate the mecha¬ 
nism of the action of nitric acid on mercury. 

The action of nitric acid on mercury has been studied by a num¬ 
ber of workers. Millon (Compt. rend., 1842, 14, 904) noted that 
purified nitric acid acts on mercury only when a reducing agent is 
present, and according to Divers (/. C. S., 1886, 43, 443) and Veley 
(Proc. Roy. Sac., 1891, 48, 458) nitric acid freed from nitrous acid 
has no action on mercury. 

Montemartini OGazz, Chim. ltd., 1892, 22, 397) showed that 
when mercury is allowed to react with nitric acid, the quantity of 
nitric oxide produced diminishes as the concentration increases and 
with strong acids nitrogen tetroxide is evolved. Moreover, the pro¬ 
duct of the interaction with 25 per cent nitric acid is mercurous nit¬ 
rate while with 50 to 70 per cent acid mercuric salts are obtained. 

Ray {Zeit. anorg Chem., 1896, 12, 365 ; /. C. S., 1897, 71, 337; 
1905, 87, 171) studied the action of nitric acid on mercury in detail 
and observed that when mercury is covered by a 10 cm. layer of 
nitric acid (S. G. Ml at i5®) at 30®-35®, bright yellow crystals of 
mercurous nitrite are freely formed. A part of the nitric^acid is 
reduced to nitrous acid in the beginning, and some mercurous nitrite 
produced in the interaction is decomposed by the nitric acid with 
the result that the proportion of nitrous add in the solution rapidly 
increases until mercurous nitrite and mercurous nitrate accumulate 
in equimolecular proportions ; the proportion of nitrous acid in solu¬ 
tion then remains constant md nitrous add acts as a catalytic agent 
in the reaction between mercury and nitric add : 2 Hg + 2 HNO, = 

II—H » 
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Hi^O, + HgNO, + H,0. Puitiier, the reaction leads to tite for¬ 
mation of the foUowiiig salts: H® (NO*)s; H® (NO*)*; Hfj (NOi)i, 
2HgO; HO. Hg^Os; H® (NO|),. HO. HgiNO,; H® (NO»)» 
* HO. H®NO,; HgO. 2 HO. H®NO,; HgQ, HO. H^O,. HO. 
H®NO»; Hg{NO,),a<i. 

Stanabie (/. Stfc. Ckem. Ind., 1913, 32, 1135,) showed that 
nitric acid dissolves mercury more readily when the metal and nitric 
add are at rest than when the metal is rotated at the add is stirred. 
Thus the dissduticm'of mercury not only depends on the presence of 
nitrous acid but also on the accumulation of nitrite in the ndgh- 
bourhood of the affected mercury. Further, it was shown that the 
speed of the reaction is inaeased by the proportion of nitrite present 
and is decreased whoi the nitrite is converted into nitrate by bdling. 

Palit and Dhar (foe. dt.) studied the action of (t) ordinary 
nitric add, (tt) distilled nitric add and (ttt) nitric add distilled over 
urea, on mercury and cemduded that the interaction is independent 
of the nature of nitric acid used, althougdi it was found that nitric 
add distilled ova* urea had generally the least power of dissaving 
mercury. According to these workers, the first product of the action 
of nitric acid cm mercury is mercurcus nitrite which is formed in 
greatest quantity by the use of 26 per cent nitric acid| at 30°. The 
yield of mercurous nitrite is greatly increased in presence of mercu¬ 
rous nitrate or ferric nitrate, but no mercurous nitrite is formed if 
sodium nitrite or urea is added to the nitric add or if the tempera¬ 
ture is allowed to rise above 52°. In presence of sexlium nitrite, 
nitric acid interacts readily with mercury in the cold giving a complex 
sodium mercuric nitrite, whilst in presence of urea it has very little 
action on the metal. 

The influence of various substances cm the actiem of nitric acid 
on mercury, has been studied' by Acwcath (/. C. S., 1875, 28, 828), 
Millon (foe. dt.), Veley {Phil. Trans., 1891, 182, A. 279), Ray 
(/. C. S., 1911, 99, 1012), Banerji and Dhar (Zeit. anorg. Chem., 
1922, 122, 73) and Palit and Dhar (foe. dt.). Acworth found that 
in presence of ammemium nitrate nitrogen is the chief product of the 
reaction between mercury and nitric acid. ' According to Millon, VelQr 
and Ray, the presence of ferric sulphate or nitrate removes nitrous 
add from nitric add as fast as it is formed and hence inhibits the 
reactiem. Ray found that the interaction between mercury and nitric 
add is accelerated by manganese nitrate or sodium nitrate, while the 
suli^tes of manganese, sodium or potassium ndther aooderate nor 
retard it. Banerji and Dhar, and so also Palit and Dhar, observed 
that the •presence of ferrous sulphate aooderates the cUsadution of 
metcuiy in nitric add owing to the formation of nitrous add, either 
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by direct reduction of nitric add by fenous suli^te or by the int»- 
m ed i a t e formation of the nitric reude-ferrous sulphate conqda which 
then yields nitrous add : HNO, + 2 NO + HjO = 3 HNO„ whilst 
the presence of ferric nitrate retards the reactkm lietween mercury 
and nitric add. Batierji and Dhar also noted that sodium nitrate, 
manganese nitrate, potassium chlorate and potassium per man g a n a te 
have the retarding effect on the rate of dissolution of mercury in nitric 
add, whoeas 'Palit and Dhar in subsequent work (/. Phys. Chem^ 
1926, 30,1125) observed the efiidency of various nitrates, e.g., mercur¬ 
ous nitrate, ferric nitrate, manganous nitrate, nickelous nitrate, etc., 
on the formation of mercurous nitrite by the action of nitric add on 
mercury as in the order given. 

According to Klemenc {Zdt. Electrochemie, 1926, 32, 150) the 
formation of mercurous nitrite in the action of nitric acid on mercury 
may be explained by the existence of the equilibrium ; 2 HgNOs -f- 
NOx = HgjNsOg in a diffu^on layer near the surface of the metal, 
the mercury compound HgjNsOg diffusing away from the metal and 
gdting decomposed according to the equation, 2 HggNgOg + HgO = 
HgNO, + 3 HgNOg + 2 HNO,. 

In the work described bdow, the interaction between mercury and 
nitric add has been studied by conducting experiments under varying 
conditions and examining quantitatively, at the end of each expo'i- 
ment, the gaseous products as well as substances in solution. 

Experimental 

Materials 

Mercury. Merck’s extra pure mercury was passed repeatedly in 
the form of small globules through a long column of dilute nitnc 
add (S. G. 1-1), dried and distilled in vacuo: the middle fraction 
was cdlected and used in all experiments.. 

Nitric Acid. Merck’s extra pure nitric add was taken for pre¬ 
paring 1, 2, 3, 4 and 5 N solutions and the latter were used after 
standardisation with alkali. 

Merck’s extra pure sodium nitrite and urea were used after re- 
crystallisatioi from water, while mercurous nitrate used was of Kahl- 
baum’s make. Mercurous nitrite was prepared according to Ray’s 
method (J. C. S., 1897, 71, 337) and mercuric nitrate was obtained 
from Kahlbaum’s bade nitrate of mercury by treatment with turning 
nitric add. 

Apparatus and Procedure 

In all experiments described below, the apparatus shown in Fig. 1 
was used. The reactiem vessd having a bulb A of 40 cc. capadty 
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and a side ground joint arrangement B to uitro^oe a small tube ‘ t' 
was co nn ected with the ^ral C throu^ a ground j<^ ‘ s' and a 
tap ‘ m ’ and the adtole put in crnmnunicatioa with the manometer 
E and the Sprenpil puiiq>, through a U-tube D containing a saturated 
solution of sodium hydroxide and t^ ‘ n ’ and ‘ o After introduc¬ 
ing add (10 c.c) of a definite concentration in the bulb A and ad¬ 
justing the small tube ' t' containing a weigdied amount of marury 
with or without urea' or sodium nitrite as shown in the figure, the 
aiqwratus was evacuated, and the system tested for leak by allowing 
it to stand overnight. 

The nitric add bulb was next immersed in a water bath maintaii^ 
at a constant temperature, the taps ‘ m ’, ‘ n ’ and ‘ o ’ were dosed 
and the experiment was started by tilting the reacticm vessel with 
the hdp of the spiral C and allowing the tube ‘ t ’ togdher with its 
ccmtents to fall in the nitric acid. The spiral decreased the rigidity 
of the apparatus and enabled the codents of the bulb A to be shaken 
in vacuo whenever required. 

At the end of the experiment the taps ‘ m ’ and ‘ n ’ were opened, 
the evolved gas was allowed to stand in contact with sodium hydroxide 
of the U-tube D and the unabsorbable gas, if any, collected by means 
of the Sprengd punq) after <^)ening the tap ‘ o ’ andi analysed. The 
apparatus was then disconnected and (t) the contents of the bulb 
A were examined for free mercury, mercurous and mercuric mercury 
and nitrite, and (it) the contents of the U-tube were examined for 
nitrite and nitrate. In (i) free mercury, if any, was filtered off, 
washed, dried over phosphorous pentoxide at room temperature and 
weired, and the filtrate together with washings diluted to 100 c.c. 
Mercurous mercury was estin»ted as mercurous dikmde by treating 
the sduticm with a slight excess of 0-1 N sodium chloride .soluticm, 
and the mother liquor obtained after the removal of mercurous chloride 
used for the estimation of mercuric mercury and nitrite. Mercuric 
mercury was estimated as mercuric sulphide by treatment with a 
freshly prepared hydrogen sulphide sduticm and the nitrite by titra¬ 
tion with standard potassium permanganate solution. In (it) the solu¬ 
tion after dilutxm to 100 c.c. was analysed for nitrite and nitrate 
by the permanganate and ferrous sulphate methods respectively. The 
amount of nitrate present was found out by determining the total 
nitrate in the solution left after oxidation with potassium perman¬ 
ganate and subtracting the calculated amount of nitrate corresponding 
to the amount of nitrite found. 

All the experiments described in the paper were repeated several 
times and only the mean values have been given in the taUes. 
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(a) Experiments with mercury and nitric acid of different con- 
centratioHs. 

In orcter to find the suitable ocxicentration of nitric acid for a 
detailed investigation of the action of nitric acid on mercury, experi¬ 
ments were first undertaken with mercury (1 g.) and nitric acid 
(10 c.c.) of different concentrations i.e., 1, 2, 3, 4 and 5 N solutions 
at 25® for a period of 24 hours. The results of these experiments 
are given in Table I. 

Experiments with mercury (ig.) and nitric acid {10 c.c.) of 
different normalities at 25*" for a period of 24 hours. 


Table L 



Mer- 

Free 

Hg 

g- 

(DissolvedhAcid 

solution 

Alkali solution 

Nitric oxide 
(N.T.P.) 

HNOs 

N 

cury 

taken 

Hg- 

g- 

Hg-’ 

g- 

NO.' 

g- 

no; 

c. c. 
0-1N 
KMn04 

no; 

c. c. 
0.1N 
FeS04 

Nr03 

g- 

c.c. 

9- 

1 I 

1 

1.0000 

0.9948 

... 

... 


... 

... 


j 


2 

1.0000 

0.5520 

0.3949 

0.0503 

0.0805 

1.5 

2.2 

0.0028 

7.5 

0.0104 

3 

1,0000 

0.2125 

0.6475 

0.1478 

0.0690 

1.6 

2.3 

0.0030 

16.8 

0.0225 

4 

1.0020 

... 

0.3146 

0.6804 

0.0943 

3.3 

4.9 

0.0063 

24.6 

0.0330 

5 

0.9998 


... 

0.9870 

0.0897 

10.0 

14.8 

10.0189 

20.1 

0.0270 


The above results show that 

(/) mercury is not affected by 1 N nitric acid, but is affected 
by nitric acid of higher concentrations ; 

(«) in experiments with 2 N and 3 N nitric acid some mercury 
remains unchanged and its amount is less in experiments 
with 3 N nitric acid than in experiments with 2 N nitric 
acid, whereas in experiments with 4 N and 5 N nitric 
acid all mercury passes in solutioi; 

(Hi) the amount of mercurous mercury in experiments with 
3 N nitric acid is higher than the amount of mercurous 
mercury in experiments with either 2 N or 4 N nitric 
acid, and it is altog^er absent in experiment with 5 N 
nitric add ; whereas the amount of mercuric mercury goes 
on increasing mth an increase in the concentration of 
nitric add; 
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(w) the axuount of nitrite in the acid Bohition is practically 
constant in all experiments; 

(v) the gas evdved in all experiments consists of nitric (Hdde. 
Some nitrogen tetroxide is also evtdved along with nitric 
<»ide and its amount increases with the increase in the 
oonoenttation of nitric add ; 

(vt) the total amount of nitrite, nitric oxide and nitrogen tetro¬ 
xide is proportional to the amount of mercury pass¬ 
ing in sdution as mercurous and mercuric mercury. 

It will be seen from the above ocperiments that mercury tends 
to react with 2 N or more than 2 N nitric acid fcnming nitrites and 
nitrates of mercury along with the evdution of nitric oxide and some 
nitrogen tetroxide. The facts that 

(1) the amount of mercurous mercury increases so long as free 
mercury is present and then diminishes in absence of free 
mercury. 

(2) the amount of mercuric mercury which is low in presence of 
free mercury suddenly increases when free mercury is ab¬ 
sent, and 

(3) the total anxMmt of nitrite, nitric oxide and nitrogen tetro¬ 
xide is proporti<xial to the amount of mercury pasdng in 
solution, 

show that the interaction leads to the production of either mercurous 
or mercuric mercury and nitrite which may be present as nitrous acid 
or as such may be reacting with nitric add giving nitrate and nitrous 
acid. A part of the latter then breaks up giving nitric add and 
nitric oxide according to 3 HNO^ -> HNO 3 + 2 NO -r H^O, or inter¬ 
acts with nitric add, if the coqcentration of nitric acid be high, evolving 
nitrogoi tetroxide as HNO^ -1- HN 03 -»N 20 « + HjO. (cf. Ray, toe. 
cit.; Palit and Dhar, loc. cit.) 

(b) Experiments with mercury and 4 N nitric acid (t) for different 
periods of time and (tt) at different temperatures. 

Since all mercury is affected by 4 N nitric acid at 25° within 
24 hours with the formation of mercurous and mercuric salts in solu¬ 
tion, experiments were next conducted with mercury (1 g.) and 4 N 
nitric a^ (10 c.c.) (t) for diffooit periods of time i.e., 2, 4, 8,12... 
40 hM|Pptt 25° and (it) at different temperatures i.e., 5°, 15”, 
25°, Upr^^d 45° for a period of 24 hours. The results of these 
experiments are given in TaUes II and III respectivdy. 
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(t‘) Expmmmts with mercury (i g.) and 4 N nitric acid (10 c.c.) 
at 25” for different periods of time. 

Table II. ' 


Time 

in 

hours 

Mer¬ 

cury 

taken 

S- 

Free 

(Diasolved)~Acid 

solution 

Alkali solution 

Nitric oxide 
(N. T. P.) 

Hg- 

8- 

Hg- 

8- 

Hg- 

1 

NOi' 

g* 

no; 

cc. 

0. IN 
KMn04 

no; 

C.C. 

0. IN 
FeS04 

NsOs 

g- 

i 

C.C. 

g- 

2 

1.0000 

0.7645 

0.2250 

... 

0.0138 

... 

... 

... 

1 5.0 

0.0066 

4 

1.0005 

0.6970 

0.2781 

0.0200 

not esti* 
mated 

... 

*“ 

... 

3.5 

0.0053 

8 

1.0000 

0.2310 

0.64971 

0.1150! 

0.0390 

... 


... 

10.2 

0.0134 

12 


#.0220 

* 

0.6109 

0.3650 

0.0460 

1.5 

2.3 

0.0028 

13.0 

0.0174 

16 



0.4753 

0.51i!9 

0.0759 

2.0 

3.1 

0.0038 

14.8 

0.0200 

18 

1.0000 

... 

0.4173 

0.5700 

0.0789 

22 

3.2 

0.0042 

14.0 

0.0180 

24 

1.0000 

... 

0.3146 

0.6804 

0.0945 

32 

4.9 

0.0063 

24.5 

0.0330 

40 

1.0040 


0-1100 

0.8840 

0.1150 

5.0 

7.6 

0.0095 

13.2 

0.0174 


The above results show that 

(t) almost all mercury passes in solutirm when the reaction 
has proceeded for 12 hours; 

(tt) the production of mercurous mercury goes cm increasing 
so long as free mercury is present and then diminishes 
gradually, whereas the formation of mercuric mercury 
which is low in the first few hours goes on increasing 
steadily afterwards; 

(m) the formation of nitrite and the evolutioi of gas which 
mainly ccxisists of nitric oxide are proportimal to the 
aiiKxmt of mercury passing in solutirm both as mercur¬ 
ous and mercuric mercury; 

(tv) the dissolution of mercury in nitric acid as mercurous mer¬ 
cury in the first few hours is followed by the oxida- 
ti<» of mercurous mercury to mercuric mercury and both 
these reactions lead to the formation of nitrite in solution 
and the evolution of nitric mad^ together with a little 
nitrogen tetraxide. 
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(m) Experiments u/ith mercury (i g.) and 4 N nitric acid {10 cx.) 
at differetri temperatures for a period of 24 hours. 

Table III. 
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nitric acid as mercurous mercury and (2) the oxidation of mercurous 
mercury to mercuric mercury. It appears, therefore, highly probable 
that die initial stage of the interaction consists of the formation of 
mo’curous mercury and nitrous acid, the latter yielding (i) nitric 
acid and nitric <»ide according 3 HNOg^^HNOj + 2 NO + H,0, 
and (tt) nitrogen tetroxide as HNO, + HN 03 «±Nx 04 + H,0. 

(c) Experiments with varying amounts of mercury and 4 N nitric 
acid. 

With a view to obtain further information, regarding the nature 
of the initial product of the action of nitric acid on mercury, experi¬ 
ments were conducted with varying amounts of mercury i.e., 0-5, 1, I'S, 
2, and 2-5 g. and 4 N nitric acid (10 c.c.) at 25° for a period of 24 
hours. The results of these experiments are given below in Table 
IV and represented graphically in Figs. 2 and 3. 

Experiments with varying amounts of mercury and 4 N nitric acid 
at 25° for a period of 24 hours. 


Table IV. 


Mercury 

taken 

g- 

Freel 

Hg 

g- 

(Dissolved)—Acid 
solution 

Alkali solution 

Nitric oxide 
(N.T.P.) 

Hg- 

g> 

Hr- 

g. 

NO2' 

g- 

NO«' 
c. c. 
0.1N 
KMn04 

NO.' 
c. c. 
O.IN 
FeS 04 

NiO. 

i 

c. c. 

g° 

05000 

I 

0.1209 

0.3794 

0.0460 

0.4 

(trace) 

(trace) 

103 

0.0145 

1.0000 

1 

0.3146 

0.6804 

0.0940 

5.3 

4.9 

0.0063 

24.6 

0.0330 

1.5000 

— 

0.5085 

0.9990 

0.1357 

2.7 

4.1 

0.0052 

243 

0.0330 

2.0000 


0.8536 

1.1430 

0.1771 

3.1 

4.7 

0.0059 

20.2 

0.0271 

*2.5000 

— 

13160 

1.1800 

0.2220 

2.9 

4.6 

0.0053 

26.2 

^^1 

0.0337 


* Yellow crystals of mercurous nitrite separated in this experiment 
The above results show that 


(i) at 25°, 4 N nitric acid (10 c.c.) affects all the mercury 
up to 2-5 g.: 

(ii) with the increasing amounts of mercury taken, 

(a) the amount of mercurous mercury ffxn on increasing 
while the amoupt of mercuric mercury which also increases 
ultimatdy remains constant. 


II—I 
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(b) tile amount of nitrite incteasa regularly, and 

(c) the evolved gas ocosists of nitric oxide; 

(iii) yellow crystals of mercurous nitrite tend to separate when 
the amount of mercury used in the ocperiment is large. 



0 O'tj M l*ir %-o 8«ir S'^^* 

Mass 

X Hg’ Mercury o Hg’* Mercury ( x, o in solution) 

Fig. 2. 

Thus from the above experiments it afqiears that the production 
of mercurous mercury and nitrite increases in quantity in proportion 
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to tile amount of mercury used in the experiment, and that mercurous 
nitrite tends to sqiarate over mercury when the coicentrations of 
mercurous mercury and nitrite are fairly higji. 
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Infiumu of (i) urea and (U) sodium mtrite an the action of mtric 
acid m mercury. 

In order to find whether die initial stage of the interaction 
involves the reaction with nitric acid or nitrous add the influence of 
(i) urea, and (ii) sodium nitrite on the action erf 4 N and 5 N nitric 
add on mercury was next studied. As urea would diminate'nitrous 
add (if present in traces in the nitric add used or if produced in the 
interaction) according to CO(NH 2 )t +2 2N,+C02+3H20, 

and as sodium nitrite would increase the ooncentratim of nitrous add 
in the nitric add used, it was expected that the results would diow 
how far the initial and subsequent stages of the interaction depend 
upon nitric add and nitrous acid. The results of these experiments 
are given in TaUes V and VI respedivdy. 


(i) Experiments with mercury (1 g.) and 4 N 5 N Nitric acid 
{10 C.C.) in presence of urea at 25° for a period of 24^eurs. 

Table V. 


HNOs 

g* 

Urea 

added 

g* 

Mer¬ 

cury 

taken 

g. 

Free 

Hg. 

K- 

(Dissolved)—Acid 
solution. 

Alkali solution. 

_ _ . ___ . 

Nitrogen 
(N. T. P.) 

Hi 

g- 

Hi: 

g- 

NO/ 

S- 

NO 2 ' 

C.C. 

0*1N 

KMnOi 

NO/ 

C.C. 

0-lN 

FeS04 

NsOj 

g- 

ex. 

g- 

4. 

in 

iHI 


■ 


— 

— 

— 

— 

— 

1*0 

0*0012 

4 

0*2000 



m 

— 

- 

— 

— 

— 

1*0 

0*0012 

4 




— 

— 

— 

— 

! "* 

— 

ro 

0*0012 

5 


1*0020 

0*9890 

0*0150 

— 

— 

— 

1 

— 

4*0 

0*0050 

5 


n 

0*9950 

0*0U0 

— 

— 

— 

1 — 

— 

4*2 

0*0052 

5 

H 


0*9720 

0*0180 

— 

— 

— 

— 

— 

4*3 

0*0054 


The above results diow that 


(t) in presence of urea mercury does not interact to any 
appreciable extent with 4 N and 5 N nitric add in agree¬ 
ment with the views of Divers {loc. cit.) and Vdey 
{loc. cU.); 

(ii) the gas evolved in these eeperiments omsists of nitrogen. 

It appears from the above experiments that Merck’s extra pure 
nitric add contains scxne nitrous add; when urea is added nitrous 
add is destroyed and then the nitric add, freed from nitrous acid, has 
no aetkm on mercury. 
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(ii> Experiments with mercury {1 g.) and 4 N & 5 N nitric acid 
(10 cx.) in presence of sodium nitrite at 25° for a period of 
24 hours. 


Table VI. 




Mer- 


(Dissolved hAcid 
solution 

Alkali solution 

Nitric oxide 
(N.T.P.)* 


NsNOi 

added 

cury 

taken 

Free 

Hg. 

Hg. 

Hg. 

NO 2 ' 

NO/ 

C.C. 

NO/ 

C.C. 

s 

sz 



N 

g- 


8- 

8- 



0. IN 

0. IN 

c.c. 

g> 

8- 

8- 

KMn04 

FeSO. 

bc 

4 

0.1000 

1.0000 

— 

0.2718 

0.7200 

0.0248 

not estimated 

41.7 

0.056 

4 

0.2000 

1.0200 

— 

0.1698 

0.8190 

0.0966 


$f 


59.1 

0.079 

4 

0.3000 

1.0000 

— 

0.0800 

0.9133 

0.1104 


ff 


66.1 

0.088 

5 

0.1000 

1.0000 

— 

— . 

p.9980 

0.0165 


tt 


49.5 

0.066 

5 

0.2000 

1.0275 

— 

— 

1.0200 

0.0851 


tf 


78.3 

0.105 

5 

03000 

0.9990 

d 

— 

0.9860 

0.1035 


tf 


96.8 

0.129 


* A large amount of the gas is evolved at the commencement ol the 
experiment 


The above results show that 

(i) in, experiments with 4 N nitric add, the amount of mer¬ 
curous mercury diminidies and that of mercuric mercury 
increases when the amount of sodium nitrite is increased ; 

(ft) in experiments with 5 N nitric add all mercury reacts 
giving mercuric salt; 

(Hi) the amounts of nitrite in solution and' nitric oxide evolved 
go on increasing as the amount of sodium nitrite is in¬ 
creased. 

On ocMnparison of the above results with those given in -Tables I 
and V, it will be seen that the presence of'*nitrous add hdps not cmly 
the dissolution of mercury in nkric add but also the conversion of 
mercurous mercury into mercuric mercury. Palit and Dhar (lor. 
cit.) in view of Ray’s observatim that mmcurous nitrite decomposes 
in presence of water as 2 HgNO, = Hg + HgfNOg),, accounted for 
the increased production of mercuric mo-cury when sodium nitrite is 
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presoit by stating that mercuric nitrite would omnbine with sodium 
nitrite forming a complex nitrite of the type : NaiHg(NO|) 4 ; con¬ 
sequently in the action of nitric acid on mercury, althouf^ mercurous 
nitrite is the initial product of the reaction, the interaction in presence 
of sodium nitrite produces hardly any mercurous nitrite. The facts 
that 


(t) even in absence of sodium nitrite, mercury interacts with 
nitric add giving mercuric salt in solution (Table I, II 
III & IV), 

(ti) when sodium nitrite is added to mercury and nitric add, 
(a) sodium nitrite reacts vi^rously with nitric add evolv¬ 
ing nitrogen tetroxide and nitric oxide in quantity, and 

(fc) the amounts of mercuric mercury and nitrite found in 
the above experiments are not in agreement with the 
supposed formation of NasHg(N 02 ) 4 . 

however, show that the explanation Advanced by Palit and Dhar is 
not tenable. On the other hand, it seems highly probable that the 
additicxi of sodium nitrite increases the amount of nitrous acid which 
in turn accelerates the oxidation of mercurous mercury. 

Conversion of (a) mercurous mercury into mercuric mercury by 
the action of nitric add and {b) mercuric mercury into mercurous 
mercury by the action of mercury. 

(a) Conversion of mercurous mercury into mercuric mercury : the 
action of nitric acid on mercurous nitrite in absence and presence 
of urea. 

FrcHn the forcing ^experiments it appears that the production 
of mercuric mercury in the action of nitric add on mercury is in all 
probability due to the oxidation of mercurous mercury by the action 
of nitrous add. If the production of mercuric mercury, on the other 
hand, were due to either (t) the decomposition of mercurous nitrite 
according to Ray’s equation or (ii) the oxidatirm of mercurous mer¬ 
cury by means of nitric acid alone, (xie would expect the formation 
of macuric mercury in (t) when mercurous nitrite is treated with 
nitric acid of low concentraticms and in (ti) whoi mercurous salt is 
treated with nitric add of high concentrations in absence of nitrous 
add. Experiments were, therefore, ccmducted with mo'curous nitrite 
and nitric acid (10 c.c.) of different concentraticms in absence and 
presence of urea. The results of these experiments are given below 
in Table VII. 
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Experiments with mercurous nitrite and nitric acid (10 c.c.) in 
absence and presence of urea at 25'' for a period of 24 hours. 


Table VII. 


• 




(Dissolved hAcid 
solution 

Alkali solution 

Gas 

(N.T,P) 

HNOi 

N 

Urea 

added 

g- 

HgNO, 

t&en 

g- 

Free 

Hg 

g< 

Hg- 

g. 

Hg- 

g- 

NO,' 

g- 

NO,' 

C..C. 

O.IN 

KMn04 

NO.' 
c. C. 
O.IN 
FeS04 

N.O. 

g- 

C.C. 

g- 

2 


0.1045 

— 

0.0810 

— 

not estimated 

4.8 

0.0064 

2 

— 

0.2035 


0.1620 

— 





10.0 

0.0135 

3 

— 

0.1000 

— 

0.0700 

0.0120 


> 



5.0 

0.0067 

3 

— 

0.2000 

— 

0.1320 

0 0300 





11.1 

0.0147 

3 

0200 

0.2000 

— 

0.16(50 

— 





25.8 

0.0525* 

4 

— 

0.1025 

— 

0.0700 

0.0100 





2.0 

0.0028 

4 

— 

0.2000 

— I 

0.1100 

0.0500 





5.5 

0.0073 

4 

0.200 

0.2000 

— 

0.1585 



* 



25.0 

0.0312* 

5 

— 

0.2000 

— 

0.0120 

kisoo 


t 



116 

0.0154 

5 

0.200 

0.2000 

— 

0.1500 


* 




26.0 j 

0.032^ 

. . ■ 


The above results show that 

(i) no free mercury is found to separate in these experiments ; 

(it) in absence of urea the conversion of mercurous mercury 
to mercuric mercury is not observed in experiments with 
2 N nitric acid, but is observed to some extent in experi¬ 
ments with 3 N and 4 N nitric acid, and completely in 
experiments with 5 N nitric acid ; further with the in¬ 
crease in the amount of mercurous nitrite the production 
of mercuric mercury increases in experiments with 3 N 
and 4 N nitric acid ; 

(hi) in presence of urea no formation of mercuriq. mercury is 
observed in experiments with 3 N. 4 N and 5 N nitric 
acid. 

From the above observations it may be concluded that (1) the 
production of mercuric mercury from the decomposition of mercuroua 


^ Nitric oxide. 


•• Nitrogen. 
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nitrite according to Ray’s equation is not dwerved in nitric acid 
sdutkn and (2) nitric add when free frcnn nitrous acid does not 
midise mercurous mercury. Thus if mercuric mercury is produced in 
the action of nitric add on mercury, it is obtained from the rndda- 
tim of mercurous mercury by the action of nitrous acid dther rdone 
(H* in {Mesence of nitric add. 

(b) Conversion of mercuric mercury into mercurous mercury : the 
action of mercury on mercuric nitrate. 

From the experimentali results given in Tables I, II and III, it 
will be seen that the production of mercurous mercury is great and of 
mercuric mercury low so l<mg as free mercury is present. One may 
infer from this observation that the initial product of the interacticx) 
between mercury and nitric acid may be mercuric salt (rather than 
mercurous salt) rriiich on reducticHi with free mercury in the second¬ 
ary stage may give rise to mercurous salt. The fact that in absence 
of mercury tlic oxidation of mercurous mercury to mercuric mercury 
proceeds continuously along with the formation of nitrite and nitric 
oxide when the interaction is allowed to proceed for a Icmg time or 
at high temperature (vide Tables II and III) shows, on the other 
hand, that this view is not probable. In order to get further infor¬ 
mation, experiments were conducted with mercury (1 g.) and varying 
amounts of mercuric nitrate dissolved in 1 N nitric add (10 c.c.). The 
results of these experiments are given in Table VIII. 


Experiments with mercury (1 g.) and mercuric nitrate dissolved in 
1 N nitric acid (10 c.c.) at 25° for a period of 24 hours. 

Table VIII. 


t'e 

|r 

g- 

Mer¬ 
cury 
taken | 

•g- 

!- 

1 

i 

Free 

Hg 

g- 

(Dissolved)’-Add 

solution 

Alkali solution 

Oas. 

(N.T.P.) 

Hg- 

g- 

Hg-- 

g- 

NO/ 

g- 

NO/ 
c. c. 
O.IN 
KMnOi 

NO/ 
c. c. 
O.IN 
FeS04 

N.A 

g- 

C.C. 

g- 

0.0500 

1-0020 

0-9835 

0-0135 

0^)200 

— 

— 

— 

— 

— 

— 

0*1000 

1-0050 

0-9800 

0-0210 

0-0520 

— 

— 

— 

— 

— 

1 

0-2475 

1-0055 

0-9280 

0-1402 

00970 

— 

— 

— 

— 

— 

— 

0-4980 

1-0008 

0-8775 

0-2548 

0-1950 

— 

— 

— 

— 

— 

— 

l-OOOO 

J-0020 

0-7685 

0-4217 

04600 

— 

- 

— 

— 

— 

— 

1^5000 

0-9990 

0-7050 

0-5690 

0-7158 

— 

1 _ 

1 

— 

— 

- 
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The above reeulte show that 

(t) morcury reduces mercuric mercury to mercurous mercury 
in all experiments; ^ 

(it) the conversion of mercuric mercury to mercurous mercury 
is appronmately proportional to the amount of mercuric 
nitrate used; 

(tit) the conversion is not complete even when the amount of 
mercuric nitrate used in the experiment is very small. 

The fact that in the above experiments all mercuric mercury is not 
reduced to riMucurous state even -when the amount of mercuric nitrate 
used is very small, whereas in experiments given in Table II the in¬ 
teraction leads to the production of mercurous mercury alone in the 
initial stage, shows that mercurous salt, and not mercuric salt, is 
the initial product of the interaction between mercury and nitric acid. 

Summary of results and conclusion 

The results of all the above experiments taken together show that 
nitric acid in a pure state i.e., when free from nitrous add has no action 
on mercury in agreement with the observations of Million (toe. cit.), 
Divers (loc, cit.) and Veley (loc. cit.). Merck's extra pure nitric acid 
which evidently contains some nitrous acid interacts with mercury 
giving mercurous and mercuric mercury and nitrite in solution together 
with the evolution of nitric oxide and some nitrogen tetroxide, and the 
proportions of each of these vary depending upon the concentration 
of nitric acid used, the time of interaction, the temperature of the 
experiment and the mass of mercury taken. 

The presait results, further, show that the interaction proceeds 
mainly in two stages : (1} the dissolution of mercury to mercurous 
mercury, and (2) the oxidation of mercurous mercury to mercuric 
mercury, accompanied with the production of nitrite and nitric 
oxide. Both these stages are accelerated by increasing the amount of 
nitrous acid in nitric acid and inhibited when the nitrous acid is eli¬ 
minated by the addition of urea to nitric acid. Moreover, by taking 
a large quantity of mercury it is possible to increase the production of 
mercurous merciiry and nitrite so as to lead to the separation of yellow 
crystals of mercurous nitrite, and conversely by reducing the quantity 
of mercury it is possible to decrease the production of mercurous mer¬ 
cury and increase that of mercuric mercury. Further, when the con¬ 
centration of nitric acid is high, nitrogen tetrenide is also evolved. 

On die whde, it may be concluded that the interaction betwem 
mercury and nitric add mainly dqiends upon the presence of nitrous 

n—j 
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add in nitric add. Snoe anther hydtogm nor any hydn^ com* 
pound of nitrogen ia ever produced in the interactioo, it seeme highly 
probable that the prooees involved in the interaction between mncury 
and nitric add oondsts of (nidation (rf mercury to mercurous and 
mercuric mercury, and reduction of nitric add to nitrous add and 
oxides of nitrogen. Further work duddating the behaviour of nitrous 
acid in the various stages of the interaction is in progress. 

Our thanks are due to Prof. D. D. Kanga, Mr. C. L. Manlmdi 
and Dr. K. S. Nargund for interest in the work. 

One of us (M. S. S.) admowledges his inddrtedness to the Uni¬ 
versity of Bombay for a research grant. 


[Received July 23, 1937]. 



STUDY OF A REACTION BETWEEN AQUEOUS 
SOLUTIONS OF MERCURIC CHLORIDE AND DISODIUM 
HYDROGEN PHOSPHATE 

Br 

S. M. MEHTA AND S. M. SHETH 
Pkyskat and Inorgamc Chemistry Department, 

The RoytA Institute of Science, Bombay. 

Rose (Handbuck der malytischen chemi., 1851, 1, 382) 
obtained no immediate precipitate cm mixing solutkms of mercuric 
chloride and sodium phosphate but a reddish precipitate after a long 
time. He also noticed that the precipitate can be obtained quickly 
on heatii^. Lkbig (Liebig’s Am., 1853, 85, 307) observed no 
turtndity on mixing the above solutions but obtained a snudl cjuan- 
tity of a red precipitate after the mixture had stood for a Icmg 
time. This observation remained in oUivion for nearly thirty-eii^t 
years when Haack (Liebig's Am., 1891, 262, 188) while investigating 
arsenates and idio^hates of mercury found, on mixing dilute or 
ccmcentrated soluticms of mercuric chloride and sodium i^iosphate, 
that yellow turindity and then a yellow precipitate appear which 
cdtange to a reddish brown colour after a time with the complete 
disappearance of the ydlow colour. This interesting reaction has 
not been studied by any other investigator. A study of this re- 
acticm was tho^ore undertaken and the results of the investigation 
under different oonditions of temperature and concentration as wdl 
as of the iscdation of the ydlow intermediate substance are des¬ 
cribed in this paper. 


Experimental 

Merck’s G. R. Mercuric chloride (3813 grams) and sodium 
phosphate NajHPO«.12H,0 (20002 grams) were each dissolved 
in water (5(X) c.a) at SO^C and only the sodium phoqdiate sdu- 
tion was diluted so as to be (i) 0’2 (ii) ()'3 (iii) 0-4 (iv) 0-5 
(v) 0*6 (vi) 0-7 (vii) 0‘8 and (viii) 0*9 of the original concen¬ 
tration whidi was 2'235N witb respect to its sodium content. It 
was found by trial that a solution of sodium i^ioqihate diluted to 
one tenth of the original concentration gave, on mixing with the 
sdutkm of mercuric chloride, a ydlow turbidity which yidded 
small quantity of a reddish brown powda* on heating. Since the 
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quantity of the piedpitate thus obtained was very small sohitioas 
of sodium pho^hate leas dilute than one fifth of die original 
atrength wete not used. 

The method adopted for the reactions was to take 60 c.c of 
eadi of the reacting solutions in wide-mouthed test tubes and then 
to place them in an air thermostat maintained at 30°C or 40'*C 
with a variation of ±0‘1'’C by means of a toluene regulator whidh 
contrdled an electric relay and a heater. After the test tubes had 
stood in the thermostat for about half an hour, during which time 
the solutions attained the temperature of the thermostat, the solu¬ 
tion of sodium i^o^hate was added to that of mercuric ddoride, 
the test tube corked and then inverted upside down six times. This 
method of mixing was used in all the experiments. In order to 
carry out the reaction at 90°C the two test tubes were heated to 
the required temperature in a water bath and the same method of 
mixing as used before was followed. It was found that a ydlow 
turbidity appeared immediately on mixing the two solutions and 
devd(^3ed into a ydlow precipitate at the bottom of the test tube. 
After a time a colour change set in, which finally resulted in the 
whole of the yellow precipitate being converted into a reddish brown 
substance and the supernatant liquid beoxning clear. This is in 
accord with the observations of Haack (loc. cit.). The appnnimate 
time required for the complete diange of cdour since mixing of 
the two solutions was noted for reactions proceeding at 30°C and 
40'’C. For reactions at GO’C the time required for a complete diange 
of colour was short and neariy the same in all the experiments. 
The amount of the precipitate obtained in eadi experiment was 
also noted. 

After the complete change of colour had taken place the reddidi- 
brown predpitate was filtered, wadied with distilled water (250 c.c.), 
dried at room temperature (about 28'’C) and finally treated with 
anhydrous ether in which mercuric diloride dissolves but not the 
compound. It was then allowed to dry and powdered in an agate 
mcntar. 

The percentage of mercury in each sample was determined by 
the gravimetric method whidi was tested by the analysis of pure 
mercuric chloride and found to give results with an mor not 
exceeding 0-3 per cent. For this purpose a weired quantity of 
the sample was dissolved in dilute hydrodiloric add and mercury 
in it was estimated as mercuric sulphide after predpitation 
by m^ans of freshly prepared amnxMiium suli^ide It was filtered 
throu^ a goodi crudUe, wadied in the usual manner, and dried 
at 110*C 
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A few sanies were analysed for their chloride content. This 
was done by dissaving a weired sample in a known vdume of 
standardised ^te hydrochloric acid. Fnmi this solution mercury 
was first precipitated as sulphide as before, filtered'off and the riilo- 
ride^ eatimated in the filtrate volumetrically after boiling off the 
exass of sulphuretted hydrogen by means of standard silver nitrate 
using potassium chromate as indicator. 

The hydrogen ion concentration of the solutimis of sodium 
lAosphate used in this investigation was also determined by mpam 
of the glass electrode method described by Mdita (/. Univ Bom., 
1936, 5(2), 77). 

The results obtained are given in tables I to III in which the 
following symbols are used : 

N = normality of sddium phosphate in terms of its sodium 
content; 

T = time in minutes sina mixing of the soluticxis for a com¬ 
plete change of colour; 

W = wei^t of the reddish-brown precipitate in grams ; 

P = pw cent of mercury in the san^le. 


Table I 


Temperature = 30°C 




|B| 
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Table II 

Teoventun = 40*0 


N 

T 

W 

P 

0.4460 

15 

03803 

8533 

0.6705 

75 

0.971 

8435 

13410 1 

13 

13722 

8537 

1.788 

23 

13692 

85.14 

23350 

5 

0.4885 

85.00 


Tmx III 

Temperature <= 90'C 


N 

T 

w 

P 

0-4460 


0-6489 

1 

1 86*36 

0-6705 

1 

0-716 

I 8636 

0*8940 

.S 

B 

1-31 

1 87-28 


tfi 



1-1175 

1 

1-3116 

87-60 

1-3410 

CvJ 

1-4811 

1 87-10 

1 

1-5645 

1 

1-3107 

, 87-43 

1 

1-7880 

1 

1-6337 

87-72 

2-0115 

J 

1-5445 

87-98 

2-235 

! 

1 

1-2625 

87-24 


Tables I to III show that the percentage of mercury in eadi of 
the samples varies only to a small extent with a change iit the con¬ 
centration of sodium pho^ate solution. They show further that 
a variaticxi in pH of the solutkm of sodium phoq)hate within narrow 
limits has no ty>predaUe effect on the composition of the precipi¬ 
tate. But when the effect of temperature is examined it is found 
that a change of tenqjerature to 90” affects the percentage of mer¬ 
cury in the compound. 

On an ocamination of the above tables it is found that at 30° 
and 40°C the percentage of mercury in the different samites agrees 
fairly well with that corresponding to the formula 2H^. HgQ,. 
At 30”C the percentage of mercury in the various sanq^es deviates 
ittm the theoretical value (85*39) between 0*9014 and 1*603 per 
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cent Tffaile at 40‘’C it deviates between 0-09365 and 1-009 per cent. 
The percentage of mercury in the samples obtained at 90”C agrees 
widi the formula SHgO.HgClj: the deviatkns from the theorrtical 
value (87-1) lie between 0-8496 and 1-010 per tent It appears 
therefore that the compound 2HgO.HgCl2 is formed at 30” and 
40‘’C and that 3HgO.HgCl2 is formed at 90°C. These conclusions 
are in agreement with the test estimations of chloride which were 
10-90 and 7-63 per cent respectively. 

The time required fw the diange of colour as wdl as the quanti¬ 
ties of the samides obtained do not show a r^ular gradation. 

Attempts were made to isdate the yellow substance with a view 
to get an insight into the mechanism of the reaction. After several 
trials to lengthen the time of odour diange by the addition of gly¬ 
cerol and maimitd as well as by lowering the tempoature it was 
found that the best procedure was to remove the yellow compound 
from the mother liquor by filtering it at the water punq> soon after 
its formation. The yidd thus obtained Was, however, very poor: 
the quantity obtained from one reaction being cHily about 005 gram. 
The samdes thus obtained were perfectly stable and did not change 
in colour on keeping. 

A sample of this substance was dissolved in concentrated nitric 
acid and on a quantitative anal)'si6 was found to contain Hg = 81-75, 
P = 1-48 and Cl = 5-707 per cent. When dissdved in dilute nitric 
add it gave a small quantity of a white residue which from two 
different samples was 23-51 and 11-32 per cent respectively. From 
these results it appears that the ydlow substance is neither pure 
mercuric oxide nor mercury phosphate but probably a mixture of 
the latter with an oxychloride of mercury the pn^rtions of which 
vary with experimental conditirHis. 

SUMMARY 

1. Solutions of mercuric chloride and disodium hydrogen phos¬ 
phate react to give 2HgO. HgClj at 30” and 40”C and 3HgO. HgClj 
at 90”C. 

2. A ehang e in the pH of the sdutions of sodium phosi^te 
between 8-655 and 8-92 has no ai^>reciable effect on the composition of 
the predpitate. 

3. A yellow substance, formed soon after mixing the two solu¬ 
tions, has been isdated and it is shown that it is ndther pure mer¬ 
curic oxide nor mercury pdiositote but probaUy a mixture of the 
latter with an oxydiloride of mercury. 

[Received July 28, 1937.] 



SOME REACTIONS OF OXANILlDE-DI-IMIDOCHLCmiDE 
(DIPHENYL-OKAL-IMIDOCHLORIDE) 

By 

V. R. HEERAMANECK AND R. C. SHAH 
Royai Institute of Science and Ismail College, Bombay. 

The present r^eeardi is a part of the ootnprdiensive investigation 
of the reactions of the little studied aliphatic di-imidochlodde-oxani- 
Ude-di-imidochloride (Walladi at^ Pirath, Ber., 1880, 13. 527; 
Bauer, Ber., 1907, 40, 2650; Reitenstein and Breuning, /. Pr. Ghent. 
1911 (ii) 83. 97). 

Oxanilide-di-inudodilodde, unlike imidodilorides derived from 
aliphatic adds, is highly staUe and it was thou^t of interest to study 
its various reactions with the ultimate object of oonqjoring them with 
the reactions of imido-chlorides derived from aromatic adds. 

In this peyxr reactions of oxanilide-di-imidoddoride with aniline, 
sodium ethylate and sodium phenate have been studied. The imido- 
chloride yidds with aniline the diamidine, tetra-i^enyl-oxalamidine, 
the condensation being effected by %ah’s modified method (/. Itid. 
Inst., Sc. 1925, 7, 219). Bauer (loc. cit.) obtained this diamidine 
by a very lengthy procedure. The diamidine forms a di-hydro¬ 
chloride. The action of sodium ethylate produces di-ethyl-di- 
(phenyl-imino)-oxalate obtained as a crystalline solid, and with 
sodium phenate di-phenyl-di-(phenyl-imino)-oxalate is obtained. 

By the action of EtI and silver oxide on oxanilide. Lander (J. 
1901, 700) (^Rained di-ethyl-di-(phenyl-imino)-oxalate in the form 
of a dark brown liquid b.p. 205°/12 nun. It is interesting to note 
that by the action of alcohdic KOH on di-o-tolyl-oxal-imidochloride, 
Bauer (ioc. cit.) obtained, ethyl-o-tolyl-imino-o-tolyl-oxamate as wdl 
as di-ethyl-di-(o-tolyl-imino)-oxalate. 

Exferimentai, 

Oxantlide-di-imidockloride {di-phenyl~oxal-imido-chloride). 

Oxanilide-di-imidochloride was prepared according to the method 
of Bauer (Ber. 1907, 40, 2653) fr<un oxanilide (Kahlbaum’s chemi¬ 
cally pure) and Pa,, in 70-75% yield (yield obtained by Bauer 
70% theory) m.p, 113-115°. {m.p. given by Bauer, 115°). 

Tetra-phenyl vxHamidine (Bauer, Ber., 1907, 40, 2655). 

It was prepand acoordiSg to the method of Shah (/. Ind. Inst. 
Sc., 1925, 7,|I5). 

(»anjji|de-di-imidochloride (5g. : 1 nxR.), fredily 
distilled di-a|i||l aniline (16 g.: 6 mcds.) and aniline (5 g. : 3 mots.) 
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was heated on water bath for 1 hour, allowed to stand 
overnight, and next day treated with hydrochloric add ( 1 : 1 ) when 
the dihydro-chloride separated ; on trituration witl^ pyridine it yield¬ 
ed tetra-phenyl-oxalamidine. Hie di-amidine crystallizes in li^t 
ydlow prismatic needles m.p. 156-158® (m.p. obtained by Bauer 
153®); yield 6 g. ( 86 %). (Found : C, 80-2% ; H, 5-7% ; N, 14-7% ; 
C 20 H 22 N 4 requires C, 80% ; H, 5*6% ; N. 14-4%). 

Tetra-phenyl-oxalamidine forms the di-hydrochloride when 
treated with concentrated hydrochloric acid in gladal acetic acid solu¬ 
tion ; it is a pale ydlow crystalline solid m.p. 242®. (Found : Cl. 
15 0% ; C 20 H 24 N 4 CI 2 requires Cl, 15-3%). 

{Di-ethyl-di-phenyl-imino) -oxalate (ci. Lander J. 1901, 7(X)). 

Mixture of oxanilide-di-imidochloride (1 mol.) and sodium 
ethylate pr^red from sodium (2 atoms) and absolute alcohol was 
refluxed in anhydrous toluene for 4 hours, treated with water to 
remove NaCl formed, and extracted with ether; ether and toluene 
were distilled, and the residue allowed to stand for crystallization; 
di-ethyl-di- (phenyl-imino) -oxalate crystallized from light petroleum 
in tran^rent plates m.p. 42® [Lander {loc. cit,) gives b.p. 
205®/12 mm.] (Found : C, 72-9% ; H, 6*8% ; N, 9*6% ; C 18 H 20 O 2 N 2 
requires C, 72-9% ; H, 6-8% ; N, 9-5%). 

It is easily soluble in light petroleum, benzene and toluene; it 
is difficultly soluUe in other organic solvents. 

Di-phenyl-di- {phenyl-imino) -oxalate. 

Mixture of oxanilide-di-imidochloride (10 g. : 1 md.) and 
sodium phenate prepared from sodium ( 1*66 g. :2 atoms), phenol 
( 6-8 g. :2 mols.) and absc^ute alcohol was refluxed in anhydrous 
ether for four hours and evaporated to dryness; the product was 
treated with water vdien di-phenyl-di- (phehyl-imino) -oxalate was 
obtained in the form of a pasty mass which solidified after some 
time; it crystallizes from petroleum ether in white tiny needles 
m.p. 130-132® ; yield 3 g. (21%). 

(Found C, 79*5% ; H, 5*4% ; N, 7-4%. C 26 H 20 O 2 N, requires 
C, 79-6% ; H, 51% ; N, 71%). 

Di-phenyl-di-(phenyl-imino) -oxalate is easily soluble in light 
petroleum, benzene and toluene; it is difficultly soluble in other 
organic solvents. 

One of the authors (V. R. H.) is grateful to the University 
of Bombay for the award of a research grant for the above investi¬ 
gation. 

The authors thank Dr. T. S. Wheeler for his keen interest in 
the work. 

{Received March 23, 1937,] 

U-K 



THE ACTION OF THIONYL CHLORIDE AND 
SULPHUR DI-CHLORIDE ON METHYL SALICYLATE 

By 

J. A. KUNDARGI Y. M. CHAKRADEO AND S. V. SHAH 
Rajaram Cottege, Kolhapur. 

Hirve, Jadhav and Chakradeo (/. UrUv. Bom., 1933 Sept. 128- 
131, /. Ind. Chem. Soc. 1934, 551,-554 /. Amer. Chem. Soc. 1935, 
101-103) studied the action of thionyl diloride cm the esters of 
salicylic acid in the presence of cq)per. They required copper in 
molecular quantities and not in anall quantities as they should have 
if it were acting as a catalyser. Hence they explained the reaction 
by presuming that copper actually entered into reaction with thicmyl 
chloride and thereby several (Hoducts such as sulphur dichloride, 
sulpdiur moQo-diloride, sulpdiur dioxide etc. were formed. The 
former two then reacted with the esters of salicylic acid as under : 

2CaH40H COOR S.C4 = (C,H,,OH COOR)*S -I- 2HC1 (1) 

2CAOH C 00 R-f-S 2 Clj'=(C,H 30 H COOR)2S-fS+2HCl (2) 
where 

R ~ CHs, C2Hg, CgHs etc.. 

In search of real catalysers for the reaction between thionyl 
chloride and the esters of salicylic acid which do not react in the 
absence of catalysers, several metals or their chlorides were tried 
and it was found that only zinc dust, iron dust and the dilorides 
of zinc, iron, bismuth "and antimony worked satisfactorily, about 
0-2 gram being sufficient for 10 grams of the ester. 

The most suitable proporticm for the reaction was two mds of 
thionyl chloride for every two mols of the ester though it was 
found that out of the two molecules of thionyl chloride, only one 
was actually used up, the other one was probaUy swept away by 
the hydrochloric acid gas evolved in the reaction. Roughly 
quantitative experiments show that a part of the thionyl chloride 
is swept away. The reaction took place with copious evolution of 
hydrochloride acid gas and was over in six hours at 40°-50‘’C. The 
resulting {uoducts were identical with the thio-ethers obtained by 
Hirve, Jadhav and Chakradeo (loc. cit.). Generally no sulphur was 
found to be precipitated in the course of the reacticm. As no sul- 
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phur 18 precipitated, formation of sulphur mono-chloride seems to 
be improbaUe as the equation (2) (wide supra) demands the pre¬ 
cipitation of sulphur. As the metals or their chlorides are required 
in very small quantities, the question of their having entered into 
reaction with thionyl chloride, does not arise. 

No satisfactory mechanism of the formation of the suljAides 
can be advanced at this stage. The view that sulj^ur dichloride 
is formed in the first stage was first entertained, and appeared to 
be supported by the observations that sulphur dichloride in the pre¬ 
sence of the catalysers also gives the sulphides. However as no 
experimental evidence for this view could be obtained this view 
of the mechanism is no longer tenable. An experimental fact which 
may have some bearing on the question is that sulphuryl chloride does 
not appear to be formed in the reaction. 

Experimental 

Effect of different catalysers. 

Every time 10 grams of methyl salicylate and 8 grams thionyl 
chloride (or 3-5 grams of sulphur dichloride) were taken in a test 
tube which had a cork with a drawn out bent tube on it. As the 
tube was drawn out, no moisture could come in. The yields with 
the different catalysers were as under : 


Catalyser 

with sulphur dichloridi 

with 

thionyl 

chloride 

BiCI, 

ZnC4 

66*3 per cent 

73 

per cent 


58 

69 

„ 


SnCla 

45 

59 

»» 


SbClg 

43-6 ,, 

56 

»» 


FeCla 

42 

50 



These results 

show that the catalytic effect 

of the 

different 


catalysers is of the same order whether the reaction is with sulphur 
dichloride or with thionyl chloride. 

In the case of ethyl salicylate and salol the reaction was not 
quantitatively followed with all the catalysers mentioned above, but 
with zinc diloride akxie it was found that the yidds varied between 
32 and 42 per cent. However it was observed qualitativdy that the 
reaction did go on with the rest of the catalysers as wdl.*^ 

f 

Sulphuryl chloride Was not detected in the reaction mixtures after 
the reaction was over, as well as in the gases which were evdved 
during the reaction. 

Every tinoe 10 grams of methyl salicylate and 8 grams of thionyl 
dUoride were allowed to react in the presence of a catalyser i.e. 
zinc chloride, tHsmuth chloride etc. In the case of the reaction 
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mixture, the same was extracted with water aHar the reactkn was 
over and in the case of the gases vidiidi evdved, these were allowed 
to bubble through a series of flasks flUed with alkali solution. The 
sdutions so obtained, were not found to contain any suliriiate as 
they rfwuld, if sulphuryl chloride were formed i.e., SO*Cl,+ 
2HjO = H,S04 + 2HC1. 

In the end we take this opportunity to thank the University 
of Bombay for a grant vdiich enabled us to carry out this piece 
of work. We also record our thanks to Dr. Wheder of the Royal 
Institute of Science, Bombay, for having lent or given us certain 
chemicals whenever we asked for the same. 

\Recdved June 17,1937.] 
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and m-txduidines gave viscous gums which did not solidify even after 
six months; neither did they yidd any solid carbamyl derivatives 
which were readily obtainable from the solid cyanoarylaminocam- 
phanes by keeping them in contact with concentrated sulphuric add. 

The two isomeric forms of arylaminocyano-methylcyclohexanes 
obtained by one of us^ may be the cis-transforms of the uniplanar 
cyclohexane ring, or they may be the stable derivatives of the two 
multiplanar forms of the six-membered ring. To gain further in¬ 
formation on this'point, the condensation of the cyanohydrin of 3- 
methylcyclopentanone with arylamines, which was expected to lead 
to the formation of a pair of cis-trans isomers, derived from the 
uniplanar five-membered ring, was examined, but only one form 
of l-arylamino-l-cyano-3-methylcydopentanes (V, where R = aryl) 
was isolated. Aniline, p-bromaniline, p-toluidine,a-and j 8 -naphthy- 
lamines gave solid condensation products, while 0 -and m*toluidines 
gave gummy products which were readily convertible into solid car¬ 
bamyl derivatives. Thus we have not been able to realise the evi¬ 
dence for the cis-trans type of isomerism in any case. 

EXPERIMENTAL 

l-anilino-l-cyanocamphane. (IV, R = CgHr,). 

A solution of potassium cyanide (5g) in water (10 c.c.) was 
added to a n^ixture of r-camphor (ll-7g), and aniline (7*2g) in 
glacial acetic acid (30 c.c.) and kept overnight. There separated 
an oil which solidified on cooling in a freezing mixture, and the 
solid crystallised from benzene in lustrous plates m.p. 152®. The 
mother-liquor gave further quantity of the same product contami¬ 
nated with camphor, which was removed by washing with petroleum 
ether. (Yield almost quantitative). 

(Found C, 79-9; H, 8-7; CirHagNa requires C, 80*3; H, 
8-7 per cent). ^ 

The Carbamyl derivative, obtained by keeping a solution of the 
nitrile in concentrated sulphuric acid, crystallised from benzene in 
prisms m.p. 160°. (Found C, 75-0; H, 8*8 ; C 17 H 24 N 2 O requires 
C, 75*0; H, 8-8 per cent). 

1-p-bromanilino^l^cyanocamphane, which was similarly prepared 
from p-brwnaniline ( 8 - 6 g) camphor (7-5g), KCN (3-5g in 10 c.c. 
water) and glacial acetic acid (20 c.c.) crystallised from benzene in 
white prisms m.p. 162°. 

(Found Br, 23-92; Br requires Br, 24-02 per cent). 

The amide, crystallised from benzene in small needles m.p. 189°. 
(Found Br, 22-7; C 17 H 23 N 2 O Br requires Br, 22-8 per cent). 
\-p46luidino-\-cyamcamphane, was prepared fr<Mn p-tduidine (7g), 
camphor (7*5g.), KCN (3-5g. in 10 eg. water) and s^acial acetic 
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add (20 oc.)i and crystallised fr<Mn benzene in white needles m.p. 

143». 

(Found C, 80-3 ; H, 9-1 : C, 8 H 24 N 2 requires C, 80'6; H, 9-0 
pw cent). The amide crystallised from alcdud in fine scales m.p. 
190°. 

(Found C, 75-4: H. 9-2 ; C^HjeNjO requires C, 75-5; H. 91 
per cent). l-^-Napktkylamino-l-cymocamphane^ whidt was prepar¬ 
ed from jff-naphthylamine (7g.), camphor (7-5 g.), potassium cyanide 
(3-5 g. in 10 cc. water) and glacial acetic acid (30 cc.) crystallised 
from benzole in white needles m.p. 165°. 

(Found C, 82-6 ; H, 81 ; C 21 H 24 N 2 requires C, 82-9 ; H, 7-9 per 
cent). The amide, crystallised from benzene in scales m.p. 182°. 

(Found C, 78-2 ; H, 8-1 : Cj.HjsONa requires C, 78-3 H, 8-07 
per cent.), l-a-ttaphthylamino-l-cyanocamphme could not be obtain¬ 
ed in a solid form. 

Its amide crystallised from hexane in short needles m.p. 112°. 

(Found C, 78-1; H, 8 0; C 2 ,H 260 N 2 requires C, 78-3; H, 8-07 
per cent). 

Condensation of Z-methylcyclopentanone-cynohydrin with amines. 

3-methytcyclopentanone was prepared by the method of Desai.^ 
Its c(xidensati(Hi with aniline and KCN has already been described 
by Desai, Hunter and Mehdi Hussain.^ 

l-p-toluidino-l-cyano-Z-methylcyclopentane (V, where R=p- 
tolyl). 

A solution of KCN (7 g.) in water (30 cc.) was added to a mix¬ 
ture of p-toluidine (11 g.), 3'methylcyclopentan(»ie (10 g.) and 
glacial acetic acid (30 cc.) and aside for 24 hours. The solid 
that s^arated out was filtered off, and on diluting the mother- 
liquor with water, a further quantity of the solid was obtained (Yield 
almost quantitative). The crude product m.p. 62-65° was crystal¬ 
lised frmn petrol when thick plates m.p. 66-67° were obtained. 

(Found C, 78-3; H, 8-5: CitHjgNj requires C, 78-5; H, 
8-4 per cent). 

The amide, was obtained by keeping the nitrile (1 g.) in solu- 
ti«i with concentrated sulphuric acid ( 5 cc.) ovemi^t, pouring the 
sdution in water, and making the aqueous solution alkaline'with con¬ 
centrated ammonia. The solid crystalliseil from dilute alcohol in lus¬ 
trous plates m.p. 126°. 

(Found C, 72-5 ; H, 8-7 ; CjgHjoON* requires C, 72-4 ; H, 8-6 per 
cent) 

l-p-brommUitw-l-cyano-Z-fnethylcyclopentane, was prepared from 
p-bromaniline 8-6 g.), the ketone (5 g.), and KCN (3-5 g.) in water 
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(10 ec.) and facial acetic add (20 oc.). It cryatalUaed fitan petnd 
in li^t, silky^ needles m.p. OO-TO”. 

Found Br, 28-8 ; CuHijN, Br requires Br, 28-67 per cent.) 

The amide, crystallised from alcohol in lustrous i^tes m.p. 163- 
164®. (Found Br. 27-1; CuHijONj Br. requires Br. 26-9 per cent.) 
l-a-mphthyUmino-l-cyemo-Z-methylcycloperUane, was pr^red from 
o-naphthylamine (7-7 g.)— the ketcme (5 g.), KCN (3-5 g.) water. 
(10 oc.) and glacial aodic add (20 oc.). The ixoduct crystallised 
from petrol in ne^es m.p. 94®. 

(Found C, 81-3; H, 7-4 : CijHmN* requires C, 81-6; H, 7-2 
per cent.). 

1 - j8 - nttphthylamino-l-cyano-3-tmthylcyclopentme, crystallised 
from petrol in thidc plates m.p. 89®. (Found C, 81-4; H, 7-1: 
CjrHigNj requires C, 81-6; H, 7-2 per cent.) 

The amide, was obtained from alcohol as a microcrystalline 
solid m.p. 253®. 

(Found C, 75-9; H, 7-5 : C„ requires C, 76-1; H, 7-46 

per cent.) 

l-o-toluidino-l-cyano-3-metkykyclopentone, could not be obtain¬ 
ed in a solid form. Its amide crystallised from dilute alcohol in 
small needles m.p. 89®. 

(Found C, 72-1; H, 8-5; CjgHgoONg requires C, 72-4; H, 8-6 
per cent.). 

The amide of l-m-toluidino-l-cyano-3-methylcyclopentme 
crystallised from dilute alcohol in needles m.p. 85®. 

(Found C, 72-3; H, 8-8; C, 4 HgoON 2 requires C, 72-4; H, 
8-6 per cent.). 

We have great pleasure in expressing our thanks to Dr. R. F. 
Hunter for his kind interest in this work. 
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HETEROCYCLIC COMPOUNDS PART VI. 
COUMARINS FROM ETHYL-jS-CHLOROPROPYLACETO- 
ACETATE AND THE MERCURATION OF COUMARINS 
FROM ETHYLCYCLOHEXANONE-2-CARBOXYLATE 

By 

S. ZAFARUDDIN AHMAD AND R. D. DESAI 
Muslim University, Aligarh. 

By condensing ethyl allyl-ac^oacetate with resorcinol in the 
presence of hydrogen chloride Naik, Desai and Desai' observed the 
formatim of a chlorocoumarin ; its stability in the presence of water 
precluded the possibility* of an oxonium salt formation from 7- 
hydroxy-4-methyl-3-allyl-coumarin while the addition of the halogen 
aad to the double bond at the 3 :4 position was far remote in the 
light of the observation of Gho^.2 Therefore, the resulting com¬ 
pound was formulated as 7-hydroxy-4methyl-3-j8-chloropropylcouma- 
rin (I), arising by the addition of hydrogen chloride to 7-hydroxy-4- 
methyl-3-allylcoumarin at the allyl group. 


HO 




CO 


CO 


CH, 


C-CHj-CHClCHj 




HjC 


CH, 




CH, 


These observations have now been extended to a-naphftol, pyro- 
gallol, oidnoi, and irfilor<%lucind with,the result that each phenol 
gave a similar type of coumarin. Treatment with alcdwlic sodium 
ethoxide converted the j3-chloropropyl group into the allyl radical. 

The mercuration of ooumarins containing the cyclopenteno group 
substituted in the 3:4 positions of the coumarin ring has already 
been desaibed by the author.^ To ascertain the effect of the cydo- 
hexeno group in these positions, on the course of this reaction, cou- 
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maiins have been {Hepared by amdensing ethyl cyclohexanone*2- 
caiboxylate with tescHxincd, idiloFoc^cind, orcinol, and 4-ethylre8or- 
cind with the fonnatian of 7-hydroxyclohexeno (1'; 2': 4 ; 3)— 
ooumarin (II), and 5 :7-dihydnxty, 7-inethyl-5-hydK)xy—, and 6- 
ethyl-7-hydroxy-cyclo-hexeno (1': 2' : 4 : 3)—coumarins. The cou- 
marin (II) which has already been prepared by Dieckmann* was 
mercurated together with its two congeners by the mdhod already 
described in Part I of this series,^ with the formation of triacetoxy- 
mercuri derivatives in each case. The acetoxymercuri groups must 
have occupied 6 :8 positions as they are free, but the actual posi¬ 
tion of the third group is unknown, and we are busy closely investi¬ 
gating this pdnt. 

Fcdlowing the observations of Goswami,^ we tried the preparation 
of benzc^yrylium salts from these coumarins. Red or blue coloured 
solids, soluble in concentrated hydrochloric acid were obtained, but 
the experiments were disccmtinued as ferrichlorides could not be ob¬ 
tained in a pure conditicm. 


Experimental 

7 :8 dihydroxy-4-inethyl-Z-p-chloTOpropyl-coumarin. 

Dry hydrogen chloride was passed into a cold mixture of allyl- 
acetoacetic ester (3-4 g.), pyrogallol (2-5 g.) and glacial acetic acid 
(15 oc.) for one hour, and kept overnight. The solid which sq»- 
rated out slowly on diluting the mixture with water was collected, 
and crystallised from dilute alcohol or dilute acetic acid in colourless 
needles m.p. 193-194°. (Yield 2-5 g.). (Found Cl. 13-0; C^HA 
Cl requires Cl, 13'2 per cent.). 

Conversion into 7 :8 dikydroxy-d-methyl-Z-allylcoumarm. 

The soluticm of the above coumarin (0-5 g.) in sodium ethoxide 
(1 g.) Na; (20 cc.) absolute alcohol was refluxed on a water-bath 
for two hours. The residue left after removing alcohol was dissolved 
in water, and the Altered solution was cautiously acidified with 
dilute HQ. The solid crystallised from dilute acetic acid in small 
plates melting at 175-176° and was identified as 7 ; 8-dihydroxy-4- 
methyl-3-allyl-coumarin by mixed melting point with the authentic 
specimen prepared by the method of Naik, Desai and Desai (loc 
cit.). 

5 : 7-dihydToxy-4-v[K±hy\-3-p-chloropropyl-coumarin, was prepar¬ 
ed frwn phloroglucinol (1-6 g.) and the easter (2 g.), and crystallised 
from aloAol in needles m.p. 198-199° (deoomp). 

^(Found Cl, 12-3 ; CigHisO^ Q, HjO requires Cl, 12-4 per coit.). 
The* coumarin dissolved with a ydlow colour in alcdiolic sodium 
ethoxide, and after warming for two hours gave 5 : 7-dihydroxy4- 
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methyl* 3 -allylooumarin, identified by comparison with an authentic 
specimen. 

4 :7-dimetkyl-5-hydroxy-3‘fi-chhropropyl couf(iarin, was ob¬ 
tained fnm orcinol and crystallised from methyl alcohol in needles 
m.p. 206®. (Found Cl, 12*9 : C 14 H 15 O 3 Cl requires Cl, 13*3 per cent). 
It dissolved in alkali with a non-fluorescent yellow solution. 

i-P<hloropropylA-methyUS : 6-a-naphiho 1 : 2‘pyrone, prepar¬ 
ed from a-naphthol, crystallised from ethyl alcohol in needles m.p. 
128®. (Found Cl. 12*5 : CitHjoOj Cl requires Cl, 12-4 per cent.) 
Treatment with alcdiolic sodium ethoxide converted it into 3-allyl-4- 
methyl-5 : 6 -«-naphtho-l : 2 pyrone. Naik, Desai and Desai {loc. 

at), 

Coumarins from ethyUcyclohexanone-2-c(nboxylate, The ester was 
prepared from cyclohexanone by the method of Kotz^ and boiled at 
126-129®/50 mm. 

7-hydroxy-cyclohexenO‘(V : 2' : 4 : 3)-coumarin. The mixture of 
cyclohexanone-2-carboxylate (2 g.), resorcinol (1-5 g.) and phos¬ 
phorus oxychloride (3cc.) was slightly warmed up on the water- 
bath and the vigorous reaction that ensued was controlled by cooling. 
The deep-orange, viscous mass was stirred up with water, and the 
solid was crystallised from dilute ethyl alcohod when needles m.p. 
203-204® were obtained. The product was identical in m.p. and 
mixed m.p. with the specimen prepared by Dieckmann's method 
{loc. cit.) using concentrated sulphuric acid. 

7-hydroxy-X : 6 : S-triacetoxymercuri-cyclohexmo-iV : 2' : 4: 3) 
coumarin. A solution of the above coumarin (1 g.) in 5% caustic 
soda solution (8 0 cc.) and neutralised with 5% acetic acid (3 cc.) 
was gradually added to a solution of mercuric acetate (5 g.) in water 
(125 cc.). The cream-coloured precipitate was filtered off, redissolv¬ 
ed in dilute alkali, filtered and acidified with acetic acid. The pre¬ 
cipitate was filtered off on the Buchner, washed with water, and ex¬ 
tracted several times with alcdiol to remove the traces of the ori¬ 
ginal coumarin, and was found to have no mdting point. (Found : 
Hg, 60*3; CigHigOgHga requires Hg, 60*6 per cent.). 

5 :7‘dihydroxy~cyclohexeno-{V : 2' : 4 : 3)-coumarin, was simi¬ 
larly prepared from i^oroglucinol, and crystallised from dilute alco¬ 
hol in prismatic needles mdting at 258® (previous sintering). The 
sample dried at 120® was atolysed. (Found C, 670; H, 5*2; 
C, 3 Hi 204 requires C, 67*2 ; H, 5-2 per cent)* It was readily soluble 
in dilute alkali with a ydlow, non-fluorescent solution. 

Its 6 :8 : X : tviacetoxymercuri derivative, obtained by the 
above method was a gr^, amorphous powder, soluble in dilute alkali, 
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and did not mdt. (Pound Hg, 58*6; Ci,Hi,Oio Hg,HtO requirea 
Hg, 58'6 per cent). 

5- hydroxy-7-methyt-cyclohexaio-(V : 2': 4 :3)-coutnarin, pre¬ 
pared from oidncd, crystallised from ala^ in prismatic needles 
m.p. 242-243'. (Found C, 72'8 ; H, 6-3; C 14 H 4 O 8 requires C, 73-0 ; 
H, 61 per cent). It was sduble in dilute alkali giving a non- 
fluorescent ydlow sdution. Mercuration gave 6 : 8 : X : triacetoxy- 
mercun-derivative, whidi was soluUe in dilute alkali and was an 
infusible, grey-powder. (Found Hg, 59-5; CjoHaoO, Hg, requires 
Hg, SQ-S per cent). 

6- ethyl-7-hydTOxy-cyclohexeno-{V: 2':4 : 2)-coumaTin, was readi¬ 
ly obtained in a good yield fr(»n 4-ethyIresorcinol, and crystallised from 
alccdrol in prismatic needles m.p. 218°. (Found C„ 73-6; H, 6-5 : 
CisHigOg requires C, 73*8 ; H, 6-6 per cent). It dissolved in dilute 
alkali with a weak, blue fluorescence. 

Our thanks are due to Dr. R. F. Hunter for his kind interest 
in this work. 
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SYNTHESIS IN THE CHAULMOOGRIC ACID 
SERIES PART I. A NEW SYNTHESIS 
OF DIHYDROHYDNOCARPIC ACID 

By 

K. V. BOKIL AND K. S. NARGUND 
M. R. Science Institute, Gujarat Callege, Ahmedabad. 

It is well-known that chaulmoogric acid {I) and its lower homo- 
logue hydnocarpic acid, (II) obtained from chaulmoogra oil, are 
used extensively in the form of ethyl esters or sodium salts, as the 
only remedy against one of the mightiest human scourge, viz., leprosy. 
Ever since the exact constitution of these substances was determined 
by Power and Barrowcliff (/. C. S., 1907, 557; also cf. Shriner and 
Adams, J.A.C.S., 1925, 47,2727, Perkins, /.A.C.S.,1926, 48. 
1714), attempts were made to synthesise these important substances 
by the American sdiool led by Adams and his collaborators, and 
scientists of Philippine leprosy research association. A considerable 
imprtus to research in this field was given by the discovery of the 
relation between the physiological activity and chemical constitu¬ 
tion. The chaulmoogric acid and the hydnocarpic acid both con¬ 
tain a cyclopentene ring in which the double bond is situated in the 
Py position with respect to the fatty acid side chain. It was found 
that though the presence of a double bond is not absolutely essen¬ 
tial for possessing the physiological activity, yet the double bond, 
particularly in the jSy position—considerably enhances the physiologi¬ 
cal activity of the molecule. (Hiers and Adams, /. A. C. S., 1926, 
48, 1089, also cf. SchoU, Philippine J. Set., 1924, 25, 23 and 135.) 
Moreover hydnocarpic acid is found to be more efficacious than its 
higher homologue diaulmoogric add. Adams and Sacks (/. A. C. S., 
1926, 48, 2396) started from chaulmoogric acid and prepared com¬ 
pounds similar to chaulmoogric add with the side chain containing 
upto fifteen carbon atoms, and have shown that increase jn the 
length of the side diain led to a decrease in the physiological acti¬ 
vity. 

Chaulmoogric acid has been synthesised by Perkins and Cruz. 
(J. A. C. S., 1927, 49, 1070) and dihydrohydnocarpic acid has been 
obtained by reduction of hydnocarpic acid and also by synthesis 
(Adams and Ndler, /. A. C. S., 1926, 48, 1074). It is the dbject 
of the present series to synthesise hydnocarpic add and its lower 
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homologues, and also thdr dihydro derivatives, to see whether the 
expected increase in the iriiyaidogical activity due to shortening of 
the side chain is brou^^t about 

The synthesis of dihydn>>hydnocarpic acid by Adams and Nol- 
ler (loc. cif.) is far too involved and lengthy, and- the method of Per¬ 
kins and Cruz (loc cit) cannot be applied to the synthesis of hydno* 
carpic acid due to the unavailability of the required ^-substituted 
cyano-acid-chloride. The method given below is simple and capable 
of giving hydnocafpic acid and dihydro-hydnocarpic acid and their 
lower homologues. It may also be noted that it dispenses with cyclo- 
pentenyl chloride—the starting material in Perkins and Cruzs method 
—a substance which is difficult to obtain and handle. 

Ethyl cydopentanone 2-carboxylate (III) was converted into 
its sodio derivative by treatment with powdered sodium in benzene. 
This on treatment with ethyl o-bromo undecylate under all conditions 
gave only 5-10 per cent of the condensation product (IV). The yield 
of (IV) could, however, be raised to 75% if the potassio derivative 
of (III) is used. (IV) on boiling with concentrated hydrochloric 
acid was simultaneously hydrolysed and decarboxylated and gave 
(i»-2-keto cyclopentyl undecylic acid (V). This on Clemmensen’s re¬ 
duction gave dihydro hydnocarpic acid (VI). The synthesis of 
hydnocarpic acid from (IV) by reduction, dehydration and hydro¬ 
lysis is in progress. 
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EXPERIMENTAL 

Ethyl cydopentanone carboxylate was prepared according to the 
roetbod of Linstead and Meade. (/. C. 1934, 940.) 

»-bromo undecylic acid was prepared from undecylinic acid by 
foUdwing the method of Perkins and Cruz, (/. A. C. S., 1927, 49, 
1070) u#g petrdeum ether alone as the solvent. 
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Ethyl-bromo-umdecylate was prepared by treating the bromo 
acid (93 grms.), absolute alcohol (4(X) gnns.) and cone. H 2 SO 4 (20 
grms.) and refluxing the mixture on the water bath for eight hours; 
half the alcdiol was removed, water was added and^ then extracted 
with ether. The ether extract was washed with a dilute solution of 
sodium carbcxiate, ether removed, and the residue distilled under 
reduced pressure.—Yield 90 per cent. B.P. 182®/12 mm. Nordlinger 
(B 1890. 2357), gives the b.p. as 171-172/10 mm. 

Condensation of w-bromo undecylate with ethyl cyclopentanone 
carboxylate 

Potassium (52 grms.) was finely pulverised in toluene (60 c.c.) 
and poured into benzene (200 c.c.) contained in a pear shaped stout 
jena flask fitted with a reflux condenser carrying a CaClg tube. Ethyl 
cydopentanone 2 -carboxylate (21 grms.) was gradually added when 
the reaction started immediatdy and an amount of heat was evolved 
with separation of the potassium salt. To complete the reaction it 
was heated on water bath for half an hour. Ethyl (D-bromo un¬ 
decylate (39.5 grms.) was then added, and the mixture was heated 
for an hour and a half; about half the K-salt had reacted and no 
further reaction took place on heating for a longer time. The flask 
was, therefore, sealed and heated by immersing in a boiling water 
bath for six hours. A clear dark red, slightly alkaline reaction mix¬ 
ture was thus obtained; water was then added and the milky layer 
of water was removed. The benzene layer was acidified, washed 
with water, then Na^COy solution and finally with water ; it was dried 
over CaClg and benzene and toluene removed—as far as possible- 
on oil bath at 145°. The yield of the crude product (IV) was 
50 grms.; it could not be distilled even under reduced pressure, but 
it did not contain any bromine. 

(d-2-keto cyclopentyl undecylic acid :— 

The crude diester (IV) was hydrolysed and decarboxylated by 
boiling with cone. HCl for 12 hours. The mineral acid was re¬ 
moved, the liquid was washed with water and taken with ether. The 
ether solution was extracted with a dilute solution of NagCOg, the 
alkaline solution was acidified, extracted with ether, wa^ed, dried 
and ether removed. The yield of (V) amounted to 22 grms.; the 
unhydrolysed original ester, recovered from the ether layer, was 
12 grms. which on further hydrolysis gave a further yidd of 6 grms. 
of (V)—^thus making the total yidd ±28 grms (75 per cent, of 
the bromo-ester used.) The acid (V) was distilled under reduced 
pressure and came over at 230-270°/9 mm. It was refractionated, 
and the fraction boiling between 240-260°/9 mm. was collected. 
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(Found C = 71-12, H * 10-23 per cent., equi. wt. = 268-5, 
C,eH»iiOg requires C =71-64, H =10-44 per cent, equi. wt. i=268). 

It gave a semicarbMdne <xi treatment with aemicarbazide ace¬ 
tate—m.p. 162-163* (sintering at 160°). 

(Found N = 12-51 per cent CiiHsiOgNa requires N = 12-92 
per cent). 

Reduction of the above acid (V) :— 

The acid (V i 19 gnns.) corw. HCl—sp. gr. 1-19—(200 grins.) 
and Zinc amalgam—(prepared by the modified method of Robinson 
and Siah, /. C. S., 1934 1497 .—70 grms.) were refluxed on a sand 
bath for 12 hours. The solid that separated on cooling was Altered, 
washed, dried and crystallised from 70 per cent alcohol. The sub¬ 
stance melted at 50°. This was converted into its methyl ester and 
the liquid distilled under reduced pressure. It had b.p. 180-190°/8- 
9 mm. Shriner and Adams (/. A. C. S., 1925, 47, 2736-2737) give 
187-188°/10 mm. as the b.p. of methyl dihydrdiydnocarpate. The 
ester was then hydrolysed by methyl alcoholic solution of KOH; 
the acid obtained on acidiAcation was crystallised several times from 
70% alcohol to a constant melting point and then again from light 
petroleum (40-50°), m.p. 62-5-63°. Noller and Adam (loc. cit.). 
give m.p. 63-63-5° for dihydro-hydnocarpic acid (VI). 

(Found C = 75-27, per cent. H = 11-59 per cent. Equi. wt. - 
254-9; calc for SigHguOg, C = 75-59, H =11-81 per cent Equi. 
wt. =254). 

Its amide—^m.p. 114°—^was prepared according to the method 
of Noller and Adams {loc. cit.) who give the m.p. 114-5-115-5°. 

The authors thank the University of Bombay for a research grant 
to <Mie of us (K. S. N.) which enabled us to partially defray the 
expenses of the present work. 

[Received July 20th, 1937\. 



CONSTITUTION AND DERIVATIVES OF «-PHENYL 
GLUTACONIC ACID 

By 

N. L. PHALNIKAR AND K. S. NARGUND 
Af. R. Science Institute, Gujarat Cottege, Ahmedabad. 

The preparation of a-phenyl glutaconic acid has been already 
described. [Jow. Bom. Univ., 1935, part II, 106.] The structure 
of a-i^enyl glutaconic acid, as expected from its method of synthesis, 
should be [I.] That it has, however, not this structure but a trans 
aP structure [II,] is proved by the following experimental results, 
(i) Oxidation of a-phenyl glutacmic acid by potassium permanganate 
gave benzoic acid. The producticm of benzoic acid is no doubt due 
to the further oxidation of benzoyl formic acid which must have 
been initially formed, (ii) a-Phenyl glutaconic acid when heated 
with water in a sealed tube at lOO'C gave styryl acetic 
acid, (iii) a-phenyl-glutaconic acid is recovered unchanged 
by treatment with 25 per cent potassium hydroxide solution 
at 100°C. If it had the structure [I] it would be expected that 
treatment with potassium hydroxide would shift the double bond and 
give an acid of structure [II] due to the oxijugative effect of the 
phenyl group. [Cf. Linstead and Williams, J.C.S. 1926, 2565.) (iv) 
The difficulty of the formation of an anhydride of a-phenyl- 
glutaconic acid and the stability of the acid to boiling concentrated 
hydrochloride acid, may be advanced in support of trans structure. 
It must be admitted that all attempts to obtain cis acid from the 
hydroxy anhydtide either by the method of Thole and Thorpe (/. 
C. S., 1911, 2191.) or Feist [Ann, 1909, 370, 41.) have been unsuc¬ 
cessful. 

a-Hienyl glutaconic acid is unaffected by acetyl diloride at 60'’C, 
but when heated with excess of acetyl chloride in a sealed tube at 
lOCC gave a mixture of hydroxy anhydride [III] and diloroan- 
hydride [IV]. The hydroxy anhydride is fadrly staUe to water and can 
be crystallised unchan^ from hot water. It does not titrate as a 
monobaac acid. [Contrast Thole and Thorpe [loc. cit.]. That it 
has the strudure [III] is inferred frcmi the fact that it gives a 
Uue colouratkm \nth alcdidic ferric chloride solution, and that it 
dissolves unchanged in a dilute solution of sodium-bi-carixxiate with 
deep magenta odour. [Ill] dissdves readily in an alkali. Addi- 
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fication of ite station in alkali gives the ori(pnal {^taocxiic add. 
[Ill] on treatment with aniline fdmisbeB a ds semianilide of «- 
idtenyl ^taoonic add. The diloreanhsrride [IV] is insoluble in 
a dilute solution of sodium carbonate but dissolves when wanned 
with the formation of the hydroxy anhydride. 

a-Phenyl glutaoonk add when heated with aniline gave a 
mixture of trans semianilide and a dianilide. 



Salts of a-pkenyl glutaconic acid : 

Barium and caldum salts are soluble in water. Copper and 
silver salts are insoluble. The silver salt is somewhat soluble in hot 
water but cannot be crystallised. The silver salt and copper salt 
prepared from neutral ammonium salt by double decomposition and 
dried at IWC were analysed. 

0*1078 grams of the silver salt gave 0*0558 grams of silver on 
ignition. 

[Found Ag = 51*11 per cent. Ci,Hg 04 Agj requires Ag =51*7%.] 
0*1480 grams of the copper salt gave 0*0447 grams of CuO. 

[Found Cu = 23*6‘ per cent. CnHgOiCu requires Cu = 24*10 
per cent] 

Oxidation of a-phenyl glutaconic acid :— 

5 grams of the acid were just dissolved in a dilute solution 
of potassium carbonate and cooled. A solution of KMnOg—(7*7 
grams in 300 c.c. of water)— was slowly added with constant shak¬ 
ing. The oxidaticxi was quick and complete in fifteen minutes. 
The precipitate of MnOg was filtered off and washed with a little dis¬ 
tilled water. The filterate was concentrated and addified in cdd 
Witli dilute sulphuric add, and the predpitated add was filtered 
cff, |fadied and crystallised from boiling water. It had m.p. 121 "C 
and equivalent wdght = 120*0, and was identified as benzoic add 
[Mixed m.p.]. 
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Heatmg arphmyl gtuteconk acid with water under pressure :— 

o-Fhenyl glataoonic add {5 grains] was heated with water 
[30 C.C.] in a sealed tube at 160°C for six hours. On cooling the 
OQOtents of the tube were extracted with ether, lire ether layer 
was extracted with Sodium-bi-caihcntate solution. The sodium-bi¬ 
carbonate extract was acidified and the precipitated acid was filtered, 
washed and then crystallised frcnn hot water. It crystallised in long 
needles and melted at ST-SS^C. Mixed m.p. with an authentic 
spedmen of styrylacetic add prepared according to the method of 
Linstead and Williams [/. C. S., 1926, 2564.] was STX. 

[Equivalent wt. found = 160-0 C 10 H 10 O 4 requires Equivalent 
Wt. 162-0] 

Behaviowr with Con. HQ :— 

a-Phenyl glutaconic acid is stable to Con. HCl at 100“C. When 
the add is boiled on a sand bath with Con. HCl, it is partially 
decarboxylated and a neutral product was obtained in small quan¬ 
tity. This product had b.p. 300-310®C at ordinary pressure. 

[Found C = 91-80 per cent, and H = 8-48 per cent. C,Hio 
requires C = 91-52 per cent and H = 8-48 per cent.]. It appears 
to be, therefore, a polymere of C0H5-CH = CH-CH3. 

Treatment with KOH 

Boiling a-i4ienyl glutaconic acid with 10 equivalents of 25 per 
cent. KOH in a copper vessel brings about the complete decomposi¬ 
tion of the acid, for on recovering the product from sudi a reaction 
a gum was obtained which could not be crystallised. But when 
the acid is heated in a sealed tube with 10 equivalents of 25 per 
cent KOH in a boiling water bath for six hours the original acid 
was recovered undianged. 

Hydroxy anhydride and chloroanhydride of a-phenyl glutaconic 
add :— 

5 grams of the acid and 20 grams of acetyl chloride were 
heated in a sealed tube on a water bath for four hours. The con¬ 
tents of the tube were then transferred to an evaporating dish and 
the excess of acetyl chloride was removed on a water bath. To 
remove the last trace of acetyl chloride, it was left in a vacuum 
desiccator over solid potash. The product thus obtained was a 
mixture of chloroanhydride and hydroxyanhydride. The following 
procedure was adopted for their separation :— The mixture was dis¬ 
served in ether and the ether solution was rqieatedly extracted with 
a dilute sbluticm of sodium In-carbonate. The bi-carbonate extract, 
whidi had a deq} magenta colour, was addified in odd with dilute 
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n^ihuiic add. The predpitate of hydroxy-anhydride thus obtained 
was further purified recryatallisation from bouene and petrdeum 
ether. The ether layer of the above e]q}erin)ent on removal of 
ether fumiahed the crude chloroanhydride. 

Hydroxy anhydride of a-phenyl glutaoooic add crystallises in 
dtining needles hom benzene and petrol. It is soluble in alcdiol, 
ether and in hot water. Its aqueous soluticm gives a Muish violet 
sdution with ferric chloride. It is stable to warm water and can 
be crystallised from hot water unchanged. It had m.p. 174-175°C. 
As opposed to the usual characteristic of the hydroxy anhydrides 
of many glutaconic acids described by Thorpe and his cdlaborators, 
it does not titrate as a monobasic add. 

[Found C = 69-5 per cent, and H = 4-00 per cent CuHtO, 
requires C = 70*2 per cent and H = 4-25 per cent] 

Chloroanhydride of «-phenyl glutaconic acid was repeatedly 
crystallised from chloroform. It had m.p. 110-lirC. It is soluble 
m benzene, ether and hot chlorofcnn. It is insoluble in sodium bi¬ 
carbonate solution, and in hot water. When it is dissolved in hot 
sodium carbonate soluticm, in which it dissolves rather slowly, and then 
acidified, the predpitated substance was found to be the hydroxy 
anhydride. 

[Found Cl = 16*65 per ooit. CnH^OjCl requires Cl = 16*98%.] 
Cis Semianilide :— 

0*8 grams of the hydroxy anhydride was treated with 0*39 grams 
of aniline in 10 c.c. of benzene and heated on a water bath for 
half an hour. It was then cooled and the benzene solution was 
extracted with a dilute solution of sodium bi-carbonate. On aci¬ 
difying the alkaline extract a white crystalline solid separated. It 
was collected and purified by recrystallisation from hot water when 
the cis semianilide is 'obtained in silky needles. M. P. ISO^C. 
It is soluUe in alo^ol, benzene and ether. 

[Found N = 4*9 per cent. C^jHijOgN requires N = 4*98 per 
cent] 

Trans semianiHde and the dianilide of a-pkenyl glutaconic 
acid 

1 gram of the add was heated with 0*45 grams of aniline at 
150* for ten minutes. The product on cooling was taken up in 
ether and extracted with a dilute solution of sodium bi-carbonate 
and the extract was acidified when a solid separated. It was puri¬ 
fied |)y recrystallisation frcxn hot water. Trans semianilide is solu¬ 
ble in ether, benzene and alcdid. It was obtained fmn hot water 
in long needles. M.P. OO’C. 
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[Found N = 4*92 per cent. CitHuO,N requires N = 4-98 per 
cent] 

DUmilide of a-pkenyl glutaconic acid was obtained from the 
ether layer in the above eqieriinent. The ether layer was washed 
with water and ^er removed. The residue was crystallised from 
dilute alccdiol. It had m.p. 90°C. 

[Found N = 7’8 per cent. CigHgoOg Nj requires N = 7’86 %.] 

We thank Mr.K.V.Bddl and Dr.M.S.Shah for their interest 
in this work and the University of Bombay for a research grant 
to one of us (K.S.N.). 

[Received July 20th, 1937], 



PHENYLGLUTARIC ACIDS. PART II. /S-PHENYL- 
i8-METHYLGLUTARIC ACID 
By 

N. L. PHALNIKAR AND K. S. NARGUND 
M. R, Science Institute, Gujarat College, Ahmedabad, 


The object of synthesising these acids is indicated in part 1 
(Jour. Bom. Univ., 1936, part II, p. 105). The synthesis of 
phenyl )8-methyl glutaric acid has been an unusually difficult task, 
and as yet no satisfactory method has been found to prepare it in 
quantity. The Michael addition of ethyl malonate to ethyl j9-methyl 
cinnamate was unsuccessful. The condensation of acetophenone 
with cyanacetamide under the conditions of Thorpe {J.C.S., 1919, 
686.) could not be accomplished. The condensation of acetophe¬ 
none with ethyl cyanoacetate under the conditions of Guareschi (Atti. 
R. Acad. Sci. Torino, 1900-1901, 36, 443.) proceeded but the yield 
of imide (I) was very low. The imide on hydrolysis gave j8- 
phenyl j8-methylglutaric add Attempts were made to prepare the 
same acid by the method developed in part I. (loc. cit.) Acetophe¬ 
none chloride (III) was condensed with sodio derivative of ethyl 
malonate and worked up in the usual way. The condensation pro¬ 
duct (IV) without further purification was hydrolysed by boiling 
hydrochloric acid when ^-phenyl /9-methylglutaric acid (II) was 
obtained again in very small yield. The low yield in this case is 
no doubt due to the small amount of acetophenone chloride present 
in the mixture obtained by treating acetophenone with phosphorus 
pentachloride. (Cf. Tayler /. C. S. 1937, 304). Due to scarcity 
of material it was not possible to prepare the usual derivatives of 
^-phenyl j8-methylglutaric acid. 
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EXPERIMENTAL 

Ft«|>arati(»i of cyano-imide (I) :—To a mixture of aceto¬ 
phenone (40 gm) and ethyl cyanoacetate (56-5 gms.). was added a 
saturated solution of dry ammonia in absolute alcohol (50 c.c.)- 
It iras left in cold for 48 hours. The solid that had separated 
was filtered and washed with ether. It was then dissolved in 
water and acidified when the imide (I) separated which was 
filtered and dried. Yield 2*0 gms. Nothing could be obtained from 
the mother liquor left after separating the solid. The imide had m.p. 
270°C. (Found N = 16-10, C^HiiOjN, requires N = 16'60 per cent.) 

^-Phenyl P-metkylglutark acid The imide (1-5 gms.) was 
dissdved in concentrated HjSO^ (2 c.c.), water (1.5 c.c.) was 
then added and boiled for half an hour. It was cooled and extracted 
with ether, dried and ether removed. The residue (0-4 gms.) was 
crystallised from hot water in fine needles. It was soluble in hot 
water, aloc^ol, benzene and insoluble in petrol and had m.p. 132- 
133°C. (Found :— C = 64-t)9 and H = 6-42 per cent. Equivalent 
wt. =112-0. C 1 JH 14 O 4 requires C = 64-86 and H = 6-30 per cent, 
and Equi. wt. = 111). 

Ba and Ca salts of j 6 -phenyl j 8 -methylglutaric acid are solu- 
We in water. The silver salt is insoluble in water. The silver salt 
was analysed. (Found Ag = 49-23 per cent. Ci 2 Hi 204 Ag 2 requires 
Ag =49-54 per cent.) 

Acetophenone chloride :—A mixture of acetophenone (10 
gms.) and PCI5 (19 gms.) was kept at 40° for one hour. It was 
then poured in ice water and left till practically the whole of POClj 
had decomposed. The oil that had separated was dried over CaCl 2 
and used without distillation as it was found that this crude sub¬ 
stance gave better yields. 

Condensation of acetophenone chloride with ethyl sodio-malo- 
nate :— Acetophenone chloride (18 gms.) was added to ethyl sodio 
malonate prepared from sodium (4-6 gms.) ethyl malonate (32 gms.) 
in benzene (100 c.c.) It was then sealed and heated in a water 
bath at 100°C for six hours. Water was then added, benzene layer 
separated, wa^ed with a dilute solution of sodium carbonate, dried 
and benzene removed. The residue could not be distilled without 
decomposition under reduced pressure. It was, therefore, hydrolysed 
by boiling with five times its quantity of concentrated hydrochloric 
acid. The cooled product was taken up in ether wariied with water 
and extracted with sodium carbcmate solution. The extract on acidi¬ 
fying gave a semisolid mass (0-5 gms.) which on recrystallisation 
from hot water was obtained in needles and had m.p. 132°C and did 
not depress the m.p. of the acid detained from imide (I). 

[Received July 20th, 1937]. 



A NOTO OF CRITICISM ON THE SYNTHESIS BY DIXIT 
OF )8P-HYDROXY {OR P-METHOXY)—PHENYL- 
GLUTACONIC ACID FROM THE CORRESPONDING 
GLUTARIC ACID 

By 

N. L. PHALNIKAR AND K. S. NARGUND. 

M. R. Science Institute, Gujarat College, Ahmedabad. 

In connection with our work on a-phenylglutaconic add we were 
interested to know whether the same could be prepared by bromina- 
ting o-phenylglutaric acid and then eliminating a molecule of hydro- 
tM’omic add from the bromo add or its ethyl ester. That such 
a method is available for the preparation of jS-alkylated glutaconic 
adds was shown by Derbyshire and Thorpe. (/. C. S. 1905, 1714.) 
The method, however, is not available for the preparation of )3-p^enyl 
glutaconic acid. Haerdi and Thorpe {J.C.S. 1925, 1237.) have 
shown that ct-bromo ^-i^enyl glutaric add, obtained by brominat- 
ing j3-phenyl glutaric add, contained an active bromine atom, and 
in OHisequence no trace of j8-phenyl glutaconic acid was obtained in 
all attempts to eliminaie hydrbbromic add from the bromo acid or 
its methyl ester. Dixit, (Jour.Ind.Chem.Soc.1931, 787.) however, 
daims to have synthesised )84-hydroxy—(or 4-methoxy)—phenyl- 
glutaconic acid by brominating the esters of the corresponding bu¬ 
tane adds and then eliminating hydrobromic add from the ethyl 
esters of the br(nno-adds. This seemed to us unlikdy as the com¬ 
pounds handled by Dkit differed from that of Haerdi and Thrope 
in having a p-hydroxyl (or p-methoxyl) group wily. Hence we 
wanted to know the details of the experimental procedure 
followed by Dixit. The publication (Dixit loc. cit.) gives no details, 
the only sentence referring to it being that Derbyshire and Thorpe’s 
method was followed. The following details are found in the theds 
which Dixit submitted to the University of Bombay. (Bombay 
University Thesis for M.Sc.No 111. p. 66.) “ 7 gms. of /84-hydroxy- 
phenyl-^utaric ester were mixed with 5-5 gms of phosphorus pen- 
labromide. The mixture was heated under a protected reflux conden¬ 
ser for six hours. The liquid contents were cooled and poured into ex- 
ces^ of petroleum ether and kept overnight The oil vdUdi separated 
was extracted on next day by ether and the ethereal solution was 
washed out by concentrated sodium hydrmdde and the wadiing were 
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ackUfiBd. The oil whidi separated was again extracted. It was 
then distilled under reduced pressure. Yield 3-2 gms. Thick brown 
liquid with pungent smell b. p. 230®C at 21 mm. This was the 
monobromo ester.” The method described in case ^ of p-methoxy 
compound is sligjitly different. “ The reaction product obtained 
from 10 gms. of ethyl 4-methoxy-phenyl-glutarate and phosphorus 
pentabromide (7 gms.) was poured in petroleum ether and kept 
ovemi^t. It was then extracted with ordinary ether. The etheral 
soluticMi was dried and ether removed and the residue distilled under 
reduced pressure. Yield 10*5 gms. b. p. 246®C at 21 mm. Thick 
brown oil of disagreeable odour.” (Dixit’s thesis loc. cit, p. 69.) 

The anomaly in the above experiments appears to be how phos¬ 
phorus pentabromide used in less than molecular proportion could 
effect the bromination of the methylene group without affecting the 
ester groups or the hydroxyl group or brominating the phenyl 
nucleus. ^ 

Dixit claims to have followed the method of Derbyshire and 
Thorpe, but it appears that he did not go through the details of 
procedure as laid down by the above authors. Derbyshire and 
Thorpe treated the anhydride of the glutaric acid with phosphorus 
pentabromide in order to convert the anhydride into acid bromide. 
(The ester could also be used provided two molecular proportions 
of phosphorus pentabromide are taken.)* They then treated it with 
bromine to brominate the methylene group. The reaction mixture 
was poured in absolute alcohol to convert the acid bromide groups 
into ester groups. It was then worked up in the usual way. 

It is obvious that Dixit could not have obtained the ethyl 
ester of the bromo acid by the procedure he followed. This has now 
been experimentally verified. The work on /?p-hydroxy-phenyl- 
glutaric acid was not repeated in order to avoid the complication 
due to the free hydroxyl group. Ethyl /?p-methoxy-phenyl glutarate 
when treated according to the method of Dixit gave unchanged ester, 
p-methoxyl-phenyl glutaric acid and ethyl 3 bromo-4-methoxy-phenyl 
glutarate. 


EXPERIMENTAL 

Ethyl /94-methoxy-phenyI glutarate v^as prepared by esteri- 
fying the corresponding acid by Fischer Speier method and had b.p. 
325-330®C at ordinary pressure and 210®C at 10 mm. (Compare 
Jackson and Kenner /. C, S. 1926, 1660.) 

Ethyl )84-methoxy-phenyl glutarate (10 gms.) was mixed with 
phosphorus pentabrcmiide (7 gms.) and the mixture heated on a 
water bath for six hours with a protected reflux ocxidenaer. The 
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cooled txxxtact was poured in petndeum ether and left overnight 
The small amount of oil that had 8q)aiated was taken up in ether, 
washed by a dilute solution of sodium carbonate, dried over calcium 
chloride and ether removed and the residue distilled under reduced 
pressure. Yield 3*8 gms. b. p. 246”C at 21 mm. It was a colourless 
liquid of agreeable odour and contained bromine. (Found Br = 9-16 
per cent while CjgHxiOg Br requires Br = 215 per cent) On hydro¬ 
lysis by alkali in cold it gave a mixture of adds, frcxn which j84- 
methoxy-phenyl-glutaric add m. p. IGS^C and j83-bromo-4-methoxy- 
(^enyl-sdutaric add m. p. 147°C (Limaye and Chitre Jour. Bom. 
Unit. 1935, part II, Vol. IV p. 97.) were isolated by fractional cry¬ 
stallisation and identibed. 

The sodium carbonate extract in the above experiment on addi- 
fying gave a small amount of j84-methoxy-phenyl-glutaric add. 

[Received July 20th, 1937]. 



FLAVONE DERIVATIVES FROM GLYCEROL ETHERS OF 
RESACETOPHENONE 

Bf 

D. R. NADKARNI AND T. S. WHEELER 
Royal InstiUute of Science, Bombay 

Motwani and Wheder (/. C. S., 1935, 1098) studied the prepa¬ 
ration of ^-hydroxyethyl ethers of resacetq}henone with a view to 
synthesising substances containing coumaran and y-pyrone nuclei. 
The present authors (/. C. S., 1936, 589). synthesised a number of 
glycerol ethers of resacetophenone, and these have now bem employ¬ 
ed in the synthesis of flavot'.e derivatives of the type prepared by 
Motwani and Wheeler (loc. cH.). 

2-Hydroxy-4-(j6y-dihydroxyprt^xy)acetophenone (Nadkarni and 
Wheeler, loc. cit.) has been condensed with benzaldehyde, />- 
anisaldehyde and salicylaldehyde to give the corresponding chalkones, 
respectively, 2-hydroxy-A-{py-dihydroxypropoxy)phenyl styryl ketone, 
(I), 2-hydmxy-A-iPy-dikydfoxypopoxy) phenyl 4-methoxystyryl 
ketone, (II), and 2-hydroxy-4-(l3y-dihydToxypopoxy) phenyl 2- 
hydroxystyryl ketone (III). 

(I) and (II) on treatment with selenium dioxide gave the 
corresponding flavones (Mahal, Rai and Venkataraman, /. C. S., 
1935, 866) ; the ccmstitution of the flavone from (I) was confirmed 
by its deprc^ylation with hydrogen iodide to T-hydroxyflavone. These 
two chalkcnes with alkaline hydrogen peroxide yielded the corres¬ 
ponding flavonoh (cf. Algar and Flyim, Proc. Roy Irish Acad., 1934, 
42B, (1) ; Oyamada, /. Chem. Soc. Japan, 1934, 55,1256; Murakami 
and Irie, Proc. Imp. Acad. (Tdcyo), 1935, 11, 229; the hydroxy- 
lated side chain was not attacked. 

(I) and (II) with bromine gave bromochalkone dibromides 
which were hydrolysed by Kostanecki’s ro^od to the corresponding 
bromo-flavones. The positicm of the nuclear brcmune atom is esta¬ 
blished by studying the products ot hydrdysis, obtained by heating 
the bromo-flavone with sodium ethoxide in alcoholic aoluticm. (Cf. 
Kostanecki and Ludwig, Ber., 1898, 31, 2951). The absence of ben- 
zylidenecoumaranones in the products was confirmed 1^ the colour 
reactions with sulf^uric acid. (See Kostanecki, Butt. Soe. chim., 
1903, (iii) 29, Supp.) 
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Glycerj^ «y-bi^ (3-hydr<«y-4-acetj4i*enyl) ether, (Nadkami and 
Wheder, he. dt.) gave with benzaldehyde the dkhdkone (IV; 
R = H) and with anisaldehyde (IV R = OMe). It was not found 
possible td convert these dichalkones to flavone derivatives. 


HO 

A 

0-CH£CH(OH)CHjC 

A 

OH 

CHdCH-CO 




CO-CH»CH 

V 

V 


y 

EXPERIMENTAL 

1- Hydmy-H^y-dikydToxypTOpoxy) phenylstyryl Mom. (I) 

A mixture of 2-hydroxy-4-(j8y-dihydroxypropoxy)acetophenone 
(25 g.) (/. C. S, 1936 590) and benzalddiyde (11-7 g.) in alcohol 
(200 CCS.) was treated with aqueous potassium hydroxide (40%; 
60 CCS.) and after twenty-four hours, the whole was diluted and 
acidified with acetic add. Hie predpitated chalkom (28 g.) crys¬ 
tallised from a mixture of chloroform and light petroleum in yellow 
needles, m.p. 120°. (Found: C, 68-6; H, 5-7. CigHiA requires 
C, 68-8: H, 5-7%). 

2- Hyd1oxy4-{pydihydroxypropoxy)Plmyl i-mthoxy-styryl Mono. 

(II) : 

A mixture of 2-hydroxy-4-(j3v-dihydroxypropoxy) acetc^henone 
(11'3 g.), p-msaldehyde (6-8 g.) in alcohol (125 ccs.) and aqueous 
potasdum hydroxide (40%, 35 ccs.) was kqit for 30 hours. The 
chalkom (12-5 g.) obtained on addification with acetic acid crys¬ 
tallised from alcohol in yellow needles, m.p. 153°. (Found: C, 
65'8; H, 5'8; CiJHjoOe requires C, 66-3, H, 5'8%). 

2-Hydroxy-i-ipy■ dihydioxypropoxy)phmyl 2-hydroxy-styryl ketone. 

(III) : 

A mixture of salicylaldehyde (O-l g.), 2-hydroxy4-()3y-di- 
hydroxy-prop(ixy)acetophaione (11-3 g.) in alcohol (100 ccs.) and 
aqueous potasdum hydroxide (40%, 30 ccs.) was kept at 60° for 
30 hours and then diluted and acidified with acetic add. The pre¬ 
dpitated ckdkom crystallised from glacial acetic add in ydlow 
needles, m.p. 182°. (Found; C, 65T; H, 5-5; requires C, 
65-5 H, 5-5%). 
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7-(fiy-dihydTOxypropoxy)fittV(me: 

A mixture of (I, 2-5 g.)> sdenium dioxide (3 g.) and amyl 
alcohol (30 CCS.) was heated at 150° under reflux^ for 12 hours. 
After removal of the sdenium by filtration, the amyl alcohcd was re¬ 
moved by distillation with steam. The pale ydlow residue (1 g.) 
crystallised from alcdiol in long diining needles, m.p. 87-88°. Its 
colourless solution in concentrated sulphuric acid showed blue fluore¬ 
scence. The product contained two molecules of water of crystallisa¬ 
tion. (Found : C, 62-5 ; H, 5*9 ; loss at 150°/2m.m. 10-5 ; C,gHieOg, 
2 H 2 O requires C, 62T ; H, 5-8% and loss 104%. After drying at 
150° high vacuum, found C, 68-6; H, 5-3; CigHjcOg requires C, 
69-2: H, 51%). 

De-propylation of the ftavone : 

A solution of the flavone (0*3 g.) in acetic anhydride (15 ccs.) 
was boiled with hydriodic acid (d 1-7; 10 ccs.) for IJ hours. The 
solid which separated on pouring the mixture into a ccmcentrated 
solution of potassium hydrogen sulphite was crystallised from recti¬ 
fied spirit; m.p. 239-240°, not depressed when mixed with an authen¬ 
tic specimen of 7-hydroxyfiavone. 

A'-methoxy-l- ( Pydihydroxypropoxy) flavone : 

A mixture of (II, 3 g.), selenium dioxide (3-5 g.) and amyl 
alcohol (30 CCS.) was heated at 150° under reflux for 8 hours. After 
filtration amyl alcohol was evaporated in steam. The yellow res- 
sidue (1 g.) crystallised from alcohol in pale yellow shining needles, 
m.p. 92-94°, giving a pale ydlow solution with blue fluorescence in 
concentrated sulphuric acid. It contained three molecules of water 
of crystallisation. (Found : C, 57-7; H, 6-0; loss at 150°/2 m.m. 
13‘8. CigHigOg, SHgO requires C, 57'6 ; H, 6-0 and loss 13-6%). After 
drying at 150° high vacuum, found ; C, 66-3; H, 5-2 ; C,gH,gO„ re¬ 
quires C, 66'7 : H, 5-3%.) 

7-(^y-dikydroxypropoxy)ftavonol: 

A mixture of (I, 2 g.) in alcohol (20 ccs.) and N/2 alcoholic 
caustic potash (18 ccs.) was gradually treated with hydrogen per¬ 
oxide (6%, 10 CCS.) with shaking, and ,was kept until the orange 
colour of the mixture had changed to pale ydlow (two hours). The 
whole was diluted and acidified with dilute sulphuric add. The pre- 
dpitated flavonol (0-8 g.) crystallised from alocdiol in pale ydlow 
needles, m.p. 153-155°, giving a green fhunesoenoe with concentrated 
sulphuric add, and violet coloration with alcoholic ferric chloride. 
(Found : C, 65-7; H, 5-0; CjgHjgOg requires C, 65-9; H, 4-9%). 
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A^-‘metho%y-‘7-{fiy^ihydfoxypropoxy)ftavonol : 

Hydrogen peroxide (6%; 12 ccs.) was added gradually with 
shaking to a hot adution of (II» 2 g.) in aloohd (25 ccs.) and N/2 
alcc^dic caustic potash (22 ocs.) After three hours, when the orange 
colour of the sdution had changed to yellow, the whole Vas diluted 
and acidified with dilute sulphuric acid. The precipitated flavonol 
(0*8 g.) crystallised from alcohol in long yellow diining needles, 
m.p. Ids'". It gave a green fluorescence in concentrated sulphuric 
acid, and a violet coloration with alcoholic ferric chloride. (Found : 
C, 63-8 ; H, 51 ; requires C, 63*7 ; H, 5 0%). 

5-Broino-2-hydroxy-4’ ( Py-dihydroxypropoxy) phenyl ap-dibromo- 
p-phenyletkyl ketone (2‘9g.) separated from a solution of bromine 
(6 g.) and (I, 5-6 g.) in chloroform (35 ccs.). It crystallised from 
acetone in needles, m. p. 200° (Found Br, 43-6 ; QfiHiTOfiBr, requires 
Br, 43*4%). 

G-Bfomo-l- (Py-dihydroxyproproxy)flavone (M g. separated 
when the above dibromide (2 g.) in alcoholic suspension (30 ccs.) was 
shaken at room temperature with aqueous sodium hydroxide (8% ; 
35 CCS.). It crystallised from alcohol in needles, m. p. 156-157°, which 
gave a yellow solution with concentrated sulphuric acid. (Found 
Br, 20-8 ; CjaHisO^Br requires Br, 20*5%.) 

Q-BronuhA-fnethoxy-7-(Py’^ihydroxypropoxy)flavone (0*4 g.)wa8 
formed by the hydrolysis of the pasty dibromide obtained by bro- 
mination of (II, 4 g.) in chloroform. It crystallised from alcohol 
in yellow needles, which gave a yellow solution with green fluorescence 
with concentrated sulphuric acid, m.p. 116-117° (Found Br, 19*4; 
requires Br, 19-0%). 

This bromoflavone was hydrolysed by Kostanecki and Ludwig’s 
method {he, ciL). A mixture of the bromoflavone (0-3 g.), sodium 
(1 g.) and alcohol (25 ccs.) was refluxed for six hours. The whole 
was acidified with dilute sulphuric acid, and the solid residue which 
separated was extracted with sodium carbonate solution. The filtrate 
was acidified and extracted with ether, which gave anisic acid, n\. p. 
182-183°, not depressed when mixed with an authentic specimen of 
anisic acid. The bromine atom was therefore in the chromone ring. 
The position of the bromine atom is established by a consideration 
of the orienting influences of the other groups present in the ring. 
(Cf. Cullinane and Philpott, J. C. S., 1929, 1763). 

Gtycerol-aybis- (2-hydroxy-A-benzylidenectcetylphenyl) ether. 

A mixture of ay-bis-(3-hydroxy-4-acetylphenyl) ether (20 g.) in 
alcohol (300 ccs.). benzalddiyde (12 g.) and aqueous potassium hy- 
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drcndde (40%, 60 ccs.) was kept at 60‘ for three hours. After thirty 
hours when the potassium salt had s^rated, the whole was diluted 
and acidified with acetic acid. The resulting chalkone (21 g.) crystal¬ 
lised from acetic acid, m. p. 210°. (Found C, 73-7 ; H>, 5'5 ; CagHjgOT 
requires C, 73-9; H, 5*2 %). 

Glycerol-aybis-ii-hydToxy-4-p-anisyHdeneacetylphenyl) ether: 

A mixture of «y-bis-(3-hydroxy-4-acetylphenyl) ether (12 g.) in 
alocohol (200 ccs.), p-anisyldehyde (9*2 g.) and potassium hydroxide 
(40%, 50 CCS.) was kept at 60° for three hours. After 40 hours when 
the potassium salt had separated, the whole was diluted and acidified 
with acetic acid. The solid chalkone (12 g.) crystallised from acetic 
acid, m. p. 200-1° (Found C, 70-1; H, 5-3; CgoHsaOg requires 
C. 70-5 : H, 5-4%). 

Acknowledgment is made to the Dabholkar Research Scholarship 
Trust for a scholarship and to the University of Bombay for a grant 
to one of us (D. R. N.) tow ards the expenses of this investigation. 
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REACTIVITY OF FORMIC ACID A METHOD OF ESTI¬ 
MATING SIDE-CHAIN HALOGEN IN AROMATIC 
COMPOUNDS 

By 

(Miss) K. D. GAVANKAR, L. S. HEBLE AND T. S. WHEELER. 

Royal Institute of Science, Bombay. 

Formic acid is well known to react with phosphorus pentachlo- 
ride or thionyl chloride to give hydrogen chloride and carbon mono¬ 
xide, presumably through the intermediate formation of formyl 
chloride. It has now been found that compounds containing less 
active halogen such as benzyl chloride, benzal chloride and benzotri- 
chloride react similarly with formic acid. This reaction can be used 
as the basis of a convenient method for the estimation of side-chain 
hal(%en in aromatic compounds. 

Experimental 

The reaction with benzotrichloride was studied in detail. Weighed 
quantities of benzotrichloride (fractionated at reduced pressure) and 
Kahlbaum’s purest anhydrous formic acid were heated at 100° under 
reflux until evolution of hydrogen chloride and carbon monoxide had 
ceased. With excess of formic acid no benzotrichloride remained and 
benzoic acid separated on dilution and cooling. When formic acid was 
not in excess, the product was treated with dilute sodium hydrogen 
carbonate solution, ben^trichloride was extracted with ether and ben¬ 
zoic acid was precipitated with hydrochloride acid. The conversiem 
of benzotrichloride into benzoic acid with 1-5, 2, and 3 molecular pro¬ 
portions of formic acid was about 51%, 85%, and 95% respectively. 
Fractionatirxi of the product obtained with 1 molecular prqxirtion 
of formic acid gave benzoyl chloride and benzoic acid. Benzoyl chloride, 
and acetyl chloride, reacted readily with formic acid to give the cor¬ 
responding acids, hydrogm chloride, and carbem imnoxide. These re¬ 
sults indicate that the reactiem is as follows :— 

CeHsCCl, + HCOOH C^HJDOCI + 2HC1 + CO 

CgHsCOCl + HCXX)H -> CgHgCXXIH -I- HCl -(- CO 

' Benzal chloride when heated with formic acid gave benzaldehyde, 
hydrogen chloride, and carbrai monoxide; benzyl chlmide also gave 
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hydros^ chloride and carbon monoxide, but benzyl alcc^iol was not 
isdated; presumably it reacted with formic acid. 

For the quantitative examinatioi of the reaction,^ weighed quan¬ 
tities of the chlorides were heated at 100® with excess of formic add 
in a current of purified nitrogen which was then led through dilute 
silver nitrate solution. 97% of the chlorine in benzotricMoride was 
recovered in 30 mins. Reaction with benzyl chloride was slower. The 
attempt to carry out the reaction in this way was not pursued as it 
was found that quantitative results were more readily obtained by 
using a solution of sodium formate in formic acid. The procedure 
eventually developed is as follows0-1 to 0*3 g. of the halide is 
heated on the water-bath with sodium formate (about 1 g.) dissolved 
in anhydrous formic add (10 c.c.). After 3 hours the mixture is rapidly 
cooled and poured into a solution of silver nitrate (1 g.) in nitric 
add (5 C.C. ccxic.) and water (10 c.c.). The predpitated halide is 
collected in a Gooch crudble, washed with water and with acetone to 
remove any organic matter, dried and weired. Table I shows some 
results of the application of the new method. 

Table 


Substance. 


Benzyl chloride 
Benzyl bromide 
Benzal chloride 
Benzotridiloride 

*3-Chloro-4-methoxy-benzyl bromide 
'*3-Bromo-4-methoxy-benzyl chloride 
*3-Bromo-4-methoxy-benzyl bromide 
• 6-Chloro-piperonyl chloride 
*6-Chloro-3 :4-carixMiyldioxy-benzyI 
chloride 

*6-Chloro-piperonyl bromide 
•6-Bromopiperonyl bromide 


Side-chain 

halogen 

per cent, found. 

per cent 
required 

27*4 ; 27*6 

28-0 

46*7; 46'6 1 

46*8 

44-1; 43-9 * 

44*1 

54*1 ; 54-2 ; 

54-3. 

54*5 

1 

33*9 ’ 

' 34*0 

150 

, 15*1 

28-6; 28*7 

28*6 

;7-l 

17*3 

15*8 

16*2 

31-5 

32*0 

27-4 

-27*2 


I 


* Prepared by Mr. R. G. Naik in this laboratory in connection with 
another reaeardi. 

[Received July 28, 1937.] 
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CONDENSATION OF CHLORAL WITH URETHANES : 

A STUDY OF THE GROUP MH. CHOH. C. CL* 

(The late) A, N. MELDRUM AND D. B, PANDYA 
Royal Institute of Science, Bombay, 

JacobstHi {Am. 1871, 157, 246) prqmed nKKiochloral urea and 
dichloral urea by condensing chloral with urea. Coppin and Titherley 
(/. C. S., 1914, 105, 32) obtained the same compounds and assigned 
them the fdlowing omstitutions: (1) monochloral urea : C. CI 3 . 
CHOH. NH. CO. NHj; (2) dichloral urea : C. Clj. CHOH. NH. CO. 
NH. CHOH. C.Clg, the latter being obtained only in the presence of 
hydrochloric acid. Fast (Ber. 1912, 45, 953) and Bischoff (Ber. 
1874, 7, 631) condensed chloral with methyl and ethyl urethanes, res¬ 
pectively, using concentrated hydrochloric acid. 

The present paper is a study of chloralpropyl and iso-butyl-ure- 
thanes and their various daivatives such as anhydroi, acetoxy, benzoy- 
loxy and methoxy. 

Experimental 

Ckloralpropylurethme :— 

Omcentrated hydrochloric acid (10 cc.) was added to a mixture 
of chloral (45 g.) and propylurethane (30 g.) when a clear solution, 
from which a crystalline sdid (70 g.) separated was obtained. The 
product crystallised from petrol etha in small needles, m. p. 75°. 
(Found : Cl, 42-3 ; CsHioOgNClj requires Cl, 42-5 pa. cent). 

CUoral-iso-butylurethane was similarly prepared. It crystallised 
from petrol etha in plates, m. p. 116°. (Found : Cl, 40T ; CjHuOg 
NClg requires Cl, 40'3 pa cent.). 

Methyl ether of chloralpropyhtrethane was prepared by the me¬ 
thod of Diels and Seib {Ber. 1909, 42, 4066). 

Sodium methylate (0-4 g. Na. in 20 cc. methyl alcdid) was 
added to anhydro-chloralprc^ylurethane (3 g.) dissolved in methyl 
alcc^l (20 cc.) and the mixture warmed on a wata bath for half 
an hour at 50°. On cooling it was diluted with wata, when an oil 
sqiarated which slowly solidified (1*4 g.). It crystallised from petrol 
etha in needles, m. p. 57-8°. 

(Powid ; Cl, 40-0 ; QH^OgNOg requires Cl, 403 per. cent.). 

Methyl «tiu¥ of cMoral-iso-butylurethane was prqjared as above. 
It crystallised from methyl alcc^l in ^lining plates, m. p. 66-7”. 
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(Found: Cl. 38-0; CgHi 40 ,NCl, requires Q. 38'2 per cent). 

The anhydro derivatives (Nos. 1 & 2) of the dilotalpropyl and 
isobutylurethanes were prepared by adding at 0°, to tljdr solution in 
dil. NaOH, acetic anhydride drop by drop, till the solution became 
acidic and an dly product separated which'soon solidified. 

The acetyl derivatives (Nos. 3 to 6) of the chloralmethyl-,ethyl-, 
propyl-, and isobutyl-urethanes were prepared by adding a few drc^ 
of coa sulphuric acid to a mixture of the chloral urethane and acetic 
anhydride, keeping the mixture overnight and then diluting with 
water. 

The benzoyl derivatives (Nos. 7 to 10) of the chloral-methyl-, 
ethyl-, prcpyl-, and isobutyl-urethanes were prepared by adding ben¬ 
zoyl chloride to a solution of the chloral urethane in pyridine and then 
refluxing the mixture on water bath for an hour and pouring it into 
dU. HCl. 


Name. 

Formula. 

Crystal¬ 
lised from. 

Appear 

ance. 

MP. 

Analysis. 




Found 

Required 



(1) Anhydro-chloral 

CisHisOsNsClfl 

Methyl 

Needles 

94.5° 

a,43-9 

44 per cent. 

propylurethane. 


alcohol 





(2) Anhydrochloral 

C14H22O6N2CI6 

Petrol 

Clusters 

106-7° 

Cl,41*6 

41-7.. .. 

iso-butyl-ufethane. 


ether 

of 

needles. 




Acetyl derivatives of 







(3) Chloralmethylure* 

C(iH 804 Nai 

Methyl 

»» 

54.5° 

a,40-1 

40-3 „ „ 

thane. 


alcohol 





(4) Chloralethylure- 

CTHmOiNCh 


Oil 

B.P. 

032 

3&2‘, „ 

thane. 




155-59°/16 







mm. 



(5) Choralpropylure- 

C8H12O4NCI3 


Oil 

EP. 

035 

36-4,, „ 

thane. 




150-53’/17 







mm. 



(6) Chloral-iso'buty- 

CaHi404NClg 

Benzene 

Tiny 

M.P. 

0,34-8 1 

34-7,, „ 

lurethane. 



ne^es. 

59-61°. 



BemoyH derivatives cf:- 

(7) Chlorabnethy- 

CjiHioOgNas 

Methyl 

Fea¬ 

178-9° 

0,32-4 

32-6 „ „ 

lurethane. 


alcohol 

thery 

needles. 




(8) Chloralethylure- 

.CisHisOtNag 

»f 9$ 

Rhombic 

126-27° 

0313 

31*3 „ „ 

thane. 



platea 




(9) Chloialpropylure- 
thane. 

CiiHigOgNClj 

n 99 

Tiny 

needles. 

99-100° 

039-8 

30-0 „ ff 

(10) Chloral-iso buty- 

CigHieOiNClt 

Benzene 

99 

122-23° 

038-8 

28-9,, „ 

lurethane. 








[Received July 28,1937.] 




NUCLEAR CONDENSATION PRODUCTS OF CHLORAL 
WITH PHENOLS 

By 

(Tlie Ute) A. N. MELDRUM and K. V. LONKAR 
Royal Institute of Science, Bombay. 

The nuclear condensation products with pheixds have been prepared 
according to Pauly and Schanz (Ber. 1923, 56, 979), chloral hydrate 
being replaced by chloral, whidi accelerates the reaction. 

Chloral usually condenses in para position to —OH. If this is 
occupied, it enters the ortho; since the p<res(d condensation product 
I yielded a coumarone derivative II on treatment with alkali. 



1 tt 


Condensation was also attempted in presence of sulphuric acid, 
but no definite product was obtained except with p-tmol methyl ether, 
whidi gave oanpound III (cf. Baeyer, Ber. 1872, 5,1098); III on 
reduction gave IV. 



condensation products with phenol, resordnd, guiacol and /Maesd 
have been studied. The acetoxy R.CH(OAc) CQ, and the benzoy- 
Ifflty R. CH(OBz)CQ, groups in the ade chain when reduced with 



NUOEAK CONOBNSAnON PRODUCTS OF CHLORAL 


117 


zinc and acetic acid give R. CHtCHClj, while the methcHcy R. CH 
(OMe) CCl, gives jRCH(OMe)CHCl 2 . The reduction products are 
isolated by pouring the reaction mixture in water. 

A new condensation product of two naolecules of chidral with one 
of resorcind is also described. 

Experimental 

In the condensation of chloral with various phends (Phenol, 
Resorcinol, Guiacd and p-Cresol), the various proportions used and 
time required are tabulated below, potassium cartxxiate being used as 
a condensing agent. 


Condensations. 

Phenol 

Chloral 

Time 

Temp. 

Yield. 

Phenol 

94 g. 

147 g. 

one month 

Room temp. 

60 g. Sticky solid 

Resorcinol 

80 g. 

120 

7 days 

below 5° 

... 1 mixture in 
}• benzene 

Resorcinol 

no g. 

295 g 

7 days 


... J {200CC.) 

Guiacol 

124 g. 

147 g. 

1^ month 

Room temp. 

... 

p-Cresol 

108 g. 

147 g. 

three 

weeks 

t* 

75 g. 


The simple derivatives are described in the table above. 

Reaction of alkali on p-cresol condensation product. 

1 :1 Dichloro-2-hydroxyA-methyldihydro-couTnarone II. 

The p-cresol condensation product I (20 g.) when treated with 
sodium hydroxide solution (200 c.c. 20%) for half an hour gave a 
yellow solid, which was washed with water. It recrystallised from 
alcohol in thin needles; m.p. 182°. It contains a molecule of alcdiol 
of crystallisation, which is removed on heating at 110°. (Found . 
QHjOH, 179; Cl, 265; CeHAClj, C*HbOH requires C^HgOH, 
17-4, Cl, 26-8 per cent. 

Condensation of p-cresyl methyl-ether with chloral in presence of 
sulphuric acid : 

aaa-Trichloro-pp-di-{2-methoxy-5-tolyl)ethane III. 
p-cresyl methyl ether (61 g.) and chloral (74 g.) were mixed, 
when heat was evdved. On cooling, sulphuric acid (200 cc.) was 
added. After six hours, a crystalline solid separated. The mixture 
was poured over ice and the sdid separated was crystallised from 
acetic acid : long colourless plates ; m.p. 161°. Yield 60 g. (Found ; 
Cl. 28*3, C,,Hi,0;Cl, requires Q, 28*5 per cent). 
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Riiuctm: 

m-Di-{2*^metJmy-^tolyl)0than€ IV. 

The above product (30 g.) was diaken with acetic add (200 oc.), 
zinc dust (15 g.) being added at intervals. On pouring this mixture 
over ice, an oil s^rated, which was extracted with ether. It dis¬ 
tilled at 185710 m.m. (Found : C, 79-6; H, 7*9; CigH^A requires 
C, 80-0; H, 8*1 per cent.) 

Derivatives cf d-hydroxy-i^ ^ 3 * trkhlarth a -hydroxy)ethylbemene. 


Formula 


Cnrstalline 

nature. 


Analysis 


1. Di acetoxy OAc.C 6 H 4 .CH(OAc)Ca 3 

2. Dibenzoyloxy OBz.C(iH 4 .CH(PBz)Ca 8 

3. Di methoxy OMe.C 6 H 4 .CH(OMe)CCla 

4. Acetyl 

derivative OAC.C 6 H 4 CH 2 .CHCI 2 

5. Benzoyl 

derivative OBZ.C6H4CH2.CHCI2 

6 . Methoxy 

derivative OMe.C^ 4 .CH 2 .CHCl 2 

7. 4inethoxy-pp. OMc.C 8 H 4 .CH(OMe)CHCl 2 
dichloro-a-me¬ 
thoxy etfayl- 

benz^e. 


155® 032.701,32.7 

132® a23.8 0133.7 

185®/25 01,39.401,39.5 
m. m. 

190®/50 a30.6 0130.5 
m. m. 

114® 0133 . 9 ( 0134.1 


187®/30 01,34.801,34.6 
m. m. 

181®/50 0139.901303 
m. m. 


DerivaHves of 2:4-dihydroxy-^ P ^-trichloro- ol - hydroxy-ethylbenzene. 


8. Tri-acetoxy (OAc)*06H8.0H(OAc)OOl8 

9. Tri-benzoybxy (OBz)206H80H(OBz)OOl3 


Thin plates 
Rectangular 


132° OL27.7 0137.7 
142® 01,18501,18.7 


10. Tri-methoxy j(OMe)20«H80H(OMe)OOl8 jPeathery needles j 126® j0135.4|01355 
Reduction product of triacetoxy above. 


11. Di-acetoxy toAc)206H30H2.0JEI0l2 


Small needles. 67® 01343 0134.4 


Derivatives of 2:4 dihydroxy-1:S-di-i^ P ^4richloro-a-hydroxyethyDbenzene. 


12. Oondeosation (OH)2.0^2[CH(OH}OOl8]2 Long needles 172° 0132.40132.6 

product. 

13. Tetra-aoetoxy (OAc)iiOa 2 [OH(OAc)OOl 8 ]. Thin needles 192® 01,37.00373 

14. Tctra-^ (OBz)206H2[OH{OBz)OOl8]2 Rectangular 190® 0135.7035.9 

benzoyloxy plates. 
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Seduction products of tetra-acetoxy and tetra-bens^loxy above. 


(OAc)iCJl 2 [CH 2 .CHCy> 

Small needles 

112° 

(OBzHC(iH3[CH2.CHa3]2 

Rectangular 

138° 

(OMe):C(iHfCH(OMe)CCl. 

piaieSt 

ou 

220°/10 

Om^>C«Hs.CHs.CHC1s 


m.m. 

... 

79° 




21. Methoxy (OMe) 2 C 8 H 8 CHl CHCI 2 

derivative 

22. 4:5'dimethoxy (OMe).C 6 H 8 .CH-(OMe)CHCl 2 
PP-dichloro-a- 

methoxyethyl- 

benzene 


Plates. 
White plates 


75° Cl^7.llC1^7.0 
95° C1^1.8C121.8 


Thick liquid 197°/50 CI 30 .I C1.302 
(pleasant odour) m. m. 


Li£dit oil 


140°/5 C1^6.QC1^6.8 
m.m. 


Derivatives of 2-hydroxy-5-mthyl-^ 3 ^■tricUoro-a-hydroxy-ethyl-bemene. 


23. Di*acetoxy 

^'^®>c«H8.ch(oac)cx:i, 

White needles 

106° 

C1,31.3CWU 

24. Di-benzoyloxy 

^5*>Ca8.CH(OBz)CCl3 

Rectangular 

plates. 

139° 

C1^2.9a^.9 

25. Di-methoxy 


Needles 

104° 

CI375C137.6 


[Received July 28, 1937.] 



A NOTE ON THE REDUCTION OF SOME DERIVATIVES OF 
ANHYDRO-2-i8j8)S-TRICHLORO-«-HYDROXYETHOXY- 
l-j8)8j8-TRICHLORO-«-HYDROXY-ETHYL- 
BENZENE 
By 

(The Ute) A. N. MELDRUM AND A. S. TATA 
Orgamc Chemistry Department, 

Royal Institute of Science, Bornbay. 

Chattaway and Prats (/. C. S., 1927, 688), and Chattaway and 
Morris (/. C. S., 1927, 2017), prqjared anhydro-5-carbaniyl-2-)9/8j8- 
trichloTD-a-hydroxyethoxy-l-jSjS^-trichloro-a-hydroKyethyl-benzene (I; 
R = OONHj) and a similar sulphtmamide (I; Ri= SOjNHg). 



(I; R = (ZONHj) has now been condensed with chloral to give 
(II), which yields (III) on reducticm with zinc and acetic acid. 



co.nh.ch(oh)_cc15 

' n 
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The solphonamide (I : R = SOjNH,) on reductim with zinc and 
acetic add gave (IV). 


OH 


CHj-CHCXi 


V 


IV 


Experimental 

Anhydr<h5-ppp4rtchloro-a-hydroxyethyUcarbamyl-2- ppp4richloro-ctr 
hydroxyethoxy’-l-ppp-trichloro-a-hydroxyethyUbenzene, (II) 

A mixture of the amide (I; R CONHg) (20 g.) chloral (excess) 
and a few drops of cone, sulphuric acid, was heated at 100 ° for half 
an hour. The product (24 g.) was washed with water and recrystal¬ 
lised from acetone : needles : m.p. 168°. 

(Found Cl, 56-6; CigHgO^NCle requires Cl, 56*9%). 

The acetyl derivative of the above chloral-amide (acetic anhy¬ 
dride and two drops of cone. Sulphurip acid) crystallised from ben¬ 
zene. m.p. 220 - 222 °. 

(Found Cl, 53-0; CI 15 H 10 O 5 NC 4 requires Cl, 53*0%). 

2-hydToxy-5-pp-dichloro-vinylcarbamyU pp^dichloro-ethylbenzene, 
(III). 

Zinc dust (5 g.) was gradually added to a mechanically shaken 
solution of the chloral-amide (5g.) in acetic acid (40 cc.) ; the mixture 
was finally warmed on a water-bath to complete the reduction. Zinc 
acetate was filtered off and the filtrate neutralised with sodium car¬ 
bonate and extracted with ether. The solid (l*5g.) obtained on the 
removal of the ether crystallised from a mixture of benzene and al¬ 
cohol ; m.p. 150°-152°. The substance is soluble in alkali and gives 
a violet colour with ferric chloride. (Found : Cl, 42*9 ; CnHeOgNCli 
requires Cl, 43*2%). 

The acetyl derivative of the reduction product crystallised from 
alcohol in needles; m.p. 155°-56° (Found : Cl, 38*0; CiaHixOsNCl 4 
requires Cl, 38*3%). 

Anhydro-2r)8j8)9-trichloro-«-hydroxyethoxy-l-)ff^^-trichloro-a-hydro- 
xyethyl-benzene-5-sulphonic acid and its amide were prepared accord¬ 
ing to Chattaway and Morris (/. C. S., 1927, 2014 and 2017). 

II—p 
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Sodium salt of the above acid aystallises from water in needles 
(Found : Na, 4-3; HjO, 10-2; CioHBO,C4SNa, 3HjO requires Na, 
4-4 and HA ia2%). 

The potassium salt crystallises from water in ocicular tufts 
(Found : K. 7-5 HA. 3-5 ; C,oH 50 ,C 4 SK,HA requires K, 7-7% and 
HA. 3-5%). 

The calcium salt is prepared by adding calcium chloride sduticxi 
to the ammonium salt sdution. It separates from water in clusters 
of needles with four molecules of water (Found : Ca, 4-1; HA. 7-7 ; 
CxoHtgOioCliaSzCa, 4HA requires Ca, 4-1 and HjO, 7-1%). 
4-hydToxy-3-PP-dichloroethylbemene-sulphonatntde (IV). 

Zinc dust (5g.) was gradually added to a mechanically shaken 
solution of the sulphon-amide (I; R = SO 2 NH 2 ) (5g.) in acetic acid 
(40 cc.). The reducti(Xi was complete within four hours. On neutra¬ 
lising the liquid with sodium carbonate solution and extracting with 
ether, a solid was obtained which crystallised from water in feathery 
needles; m.p. 181 “-184° (Found : Cl, 26-2 ; CgHgOsNSC^ requires 
Cl, 26-3%), 

The acetyl derivative crystallised from alcohol in needles : m.p. 
140“ (Found : Cl, 22-7; CioHjA 4 NSCl 2 requires Cl, 22-8%). 
AnhydTo-2-§§p-trichloro-a-hydroxyethoxy-l- ppft-trichtoro^a-hydroxy- 
etkylbenzene-S-^fifi-trichlora^-hydroxyethyl-sulphorumide. 

A mixture of the sulphonamide (I; R = SO 2 NH 2 ) (5g.) chloral 
(3 g.) and two drops of ccai. HjSOg was heated on a water bath for 
half an hour. The product after being washed with water crystallised 
from alcohol in needles ; m.p. 194“-195“ (Found : Cl, 53-5 ; C 12 H 8 OJ 
NSClg requires Cl, 53-4%). 

The acetyl derivative crystallised from benzene in feathery 
needles; m.p. 159“. ‘(Found Cl, 49-6; CigHioOgNSOlg requires Cl, 
49-9%). 

[Received July 31,1937]. 



STUDIES IN CHLORAL-AMIDES—PART IV. 
REACTIVITY OF a-OH GROUP IN CHLORAL-NITRO- 
SALICYLAMIDES. 

By 

N. W. HIRWE AND (Miss) K. D. GAVANKAR 
Royd Institute of Science, Bombay. 

In continuatkxi of nitration of chloral-salicylamide (Studies in 
chloral-amides, Part II, /. Ind. Chm. Soc.), the reactivity of the a-OH 
group in chloral-nitro-salicylamides has been studied. It can be sub¬ 
stituted by various groups such as acetoxy-(0. CX). CHJ methoxy 
(O. CHj), and benzoylox^ (O. CO. CgH,). 

Acetic anhydride when used, with little sulphuric acid yields a 

diacetoxy derivative (CHj.COD^CeHj.CONH.CH^^^^jjJ 

of the various chloral-nitro-salicylamides, wherein the nuclear hydroxy 
group and the a-OH group in side chain are both simultaneously acety- 
lated. Unlike that in aspirin, the nuclear acetoxy group in these acety- 
lated Chloral-nitro-salicylamides is found to be more stable. When 
used in an alkaline medium, it causes an anhydro formation 

Cv/la CUJs 

With benzoyl-chloride, in sodium hydroxide solution dibenzoyl 

(c.H,.cS‘o>C*8‘CO NH.CH<Oa’o 

derivatives are obtained, while dimethyl sulphate in alkaline medium 
gives only a-methoxy derivatives 

leaving the nuclear hydroxy group unmethylated. 

Chloral 3;5-dinitro-2-methoxy-benzamide when similarly treated 
with benzoyl chloride, gives a dibenzoyloxy compound, the nuclear- 
0. CHg is probably hydrolysed (by NaOH) to-OH, which is fur¬ 
ther benzoylated ; while in methylation of the same with the dimethyl 
Hd^hate in an alkaline medium, the nuclear methoxy is similarly 
^drolysed, but not remethylated, thus giving a-methoxy chloral 3 :5 
dinitio-salicylamide. This behaviour of the methoxy group is similar 
to that in 3 :5-dinitro-2-methoxy-benzoic acid; Hirwe and (Miss) 


('«^>C.H.,CO.NH.CH<ga_) 
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Gavankar (Proc. Ind. Acad. Sd. 1937, 5, 377). The aocumulation 
of more negative groups makes the ether (-OCH,) less staUe. 

It is interesting to note that in the case of nitro-chloral-salicyla- 
mides the chloral-amide linking is much more stable towards al k a l i 
th a n in other dtloral-amides of salicylic acid. 

EXPERIMENTAL 

Methylation :^(The nuclear methoxy group—with the increase 
in the number of negative groups becomes usually unstable and is 
hydrolysed under conditions of experiment, not being remethylated. 
Thus the only hydroxy group that was methylated was the a-hydroxy 
group in the side diain). 

Required quantity of methyl sulphate was added to the chloral- 
nitro-salicylamide in sodium hydroxide solution (10%) at 25°-30“ 
and thoi kept overnight. On acidifying the reaction mixture, the 
required a-methoxy compound was obtained either as solid or a paste, 
which was further treated to get a solid. 

Benzoylation :—^Benzoylaticm of either chloral-nitro-salicyla- 
mides or chloral-nitro-2-methoxy-benzamide8 gave a-benzoyloxy 
chloral-nitro-2-benzoyloxy-benzamides. The 2-methoxy group in 
chloral-3-nitro-2-methoxy-ben2amide was hydrolysed and then 
benzoylated under the conditions of experiments. 

Method :—^Required quantity of benzoyl chloride was added to 
chloral-nitro-salicylamide or chloral-nitro-2-methoxy-benzamide in 
sodium hydroxide solution (10%) in cold. The reaction mixture chi 
keeping over-night was acidified, when a solid or a paste, which was 
further treated to get a solid, was obtained. The yields are poor. 

Anhydro derivatives :—^These compounds are obtained by the 
eliminatimi of a molecule of water from the two a-hydroxy groups of 
the two mcdecules and thus linking them together through oxygen. 

Method :—^Required quantity of acetic anhydride was added to a 
solutiem of chloral-nitro-2-methoxy-benzamide in sodium hydroxide 
(10%) in odd. This was kqjt for 12 hours and then acidified whoi 
the required compound was obtained. 

Acetylation :—Nuclear and side chain hydroxy group was simul¬ 
taneously acetylated by the usual method. The compound to be 
acetylated, was warmed with acetic anhydride with few drops of 
sulphuric acid. On diluting the reacti<« mixture, a sdid s^rated. 

ffmethoxy-chloTal-3-nitro-2-hydtoxy-bemamide :— Crystallised 
from alcohol in ydlow rectangular plates m. p. 114® (Found Cl, 31*0; 
C,oH,OaNaCls, requires Cl, 31-0 per cent). 
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effMtkoxy-chloral-5-bTOfno~3-nitro-2-hydroxy-bemaniide :— The 
sticky niass separated was scdidified by keeping in a freezing mixture. 
It crystallised from acetic add in yellow granules m.p. 115-116* 
(Found : Halide, 145-4, CioHgOjNaCljBr requires Halide, 146-4 per 
cent), 

tt-acetoxy-chloral-3-nitTo-2-acetoxy-bettzamide ;—Crystallised from 
ethyl alcohol in fine white needles m.p. - 151-152*. (Found Cl, 
25-8; CX 3 H 11 O 7 N 2 CI 3 requires Cl, 25-8 per cent). 

a-acetoxy-chlorat-5-bTomo-3-mtro-2-acetoxy-bemamide :—Crystal¬ 
lised from ethyl alcohol in white needles m. p. 168“ (Found : Halide, 
124-8, CijHjoOjNjCla Br requires Halide, 1256 per cent). 

a-methoxy-chloTal-3:5-dmitro-2-hydToxy-bemamide :— 

(1) From chloral-3 : 5-dinitro-2-hydroxy-benzamide :—Crystal¬ 
lized from methyl alcdiol in yellow rectangular plates m.p. = 172° 
(Found Cl, 27-5 ; C, 31-1 ;'H, 2-1; CioHgOjNjCla requires Cl, 27-4; 
C, 309 ; H, 2-1, per cent.) 

(2) From chloral- 3 :5-dinitro-2-methoxy-benzamide m.p. 172“ 
mixed m.p. with ( 1 ) is 172“C. 

a-bemoyloxy-chlord-3:5-dmtTO-2-benzoyloxy-bemamide :— 

(1) From chloral-3 : 5-dinitro-2-hydroxy-benzamide :—Crystal¬ 
lised from benzene in white granules m.p. 196-197“ ^Found : Cl, 18-1, 
CjsHjgOgClj requires Cl, 18-3 per cent.) 

(2) From chloral-3 :5-dinitro-2-methoxy-benzamide : crystal¬ 
lised from benzene in white granules m.p. 196-197“ mixed m.p. with 
(1) is 196-197“ (Found : Cl, 18-4, Cj^HtgOeNgCls requires Cl, 18-3 
per cent.) 

a-acetoxy-chloral-5-nitro-2-methoxy-benzamide :— Crystallised 
from ethyl alcohol in white needles m.p. = 168-169“ (Found : Cl, 
27-6, CxjHiiOeNjCls requires Cl, 27-6 per cent.) 

a - anhydro-di ( chloral-5-nitro-2-methoxy-benz(tmide) : —Crystal¬ 
lised from glacial acetic add in fine while needles m.p. 207-208“ 
(Found .- Cl, 31-6, CjoHigOeNgCl# requires Cl, 31-5 per cent.) 

a-benzoyloxy-chloT(d-5-mtro-2-methoxy~benzamide :— Crystal¬ 
lised freon glacial acetic add in white granules m.p. = 175-176“ 
(Found : Q, 24-1, C^HisOgNjCla requires Cl, 23-8 per cent.) 

a'imthoxy<hl(yral-5-mtro-2-m0thoxy-bmzamide Crystallised 
from ethyl alcdid in white cubic plates m.p. 144“ (Found : Cl, 29*5, 
Cjj HxiOjNjClg requires Cl, 29-8 per. cent.) 
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a-m^hoxy-chi<n<A'3-wirO‘2-methoxy-BeM<mide Crystallised 
from methyl alcotu^ in ydlow rectangular {dates m.p. == 104-105” 
(Found : Cl, 29*5, Cn Hi^iOsNjQg requires Q, 29-8 jjer. cent.) 

a-ccetoxy-chloral-3-mirO‘2-methoxy-benzamide : — Crystallised 
from methyl alodiol in white needles m.p. = 94-95® (Found Cl, 27'8, 
^ 131111 ^ 6 ^ 2^8 requires Cl, 27*6 per cent)# 

«-acetoxy-chtoral-3 : 5-dimtro-2-methoxy bmzamide Crystal¬ 
lised frwn ethyl aladiol in yellow cubic plates m.p. = 172* (Found : 
Cl, 27-61 CjoHgOjNgCla requires Q, 27-4 per cent) 

a-anhydro.di{chloTal-3-mtro-2-methoxy-bemamide) Crystal¬ 
lised from methyl alcdiol in white silky needles m.p.—153-154® 
(Found : Cl, 321, CgoHjgOgNgClg requires Cl, 31-9 {jer cent). 

Thanks are due to the Research Grant Committee of the Univer¬ 
sity of Bombay for an award of a grant to one of the authors 
(N. W. H.), from whidi could be defrayed the {Mit of the pirppnspa 

(Rgceived August 11, 1937.) 



DERIVATIVES OF N-PHENYLBENZAMIDINE : PART I. 

By 

H. P. GHADIALl AND R. C. SHAil 

DepaTttuents of Chemistry, Royal Institute of Science and Ismail College, 

Bombay 

In extension of the previous work on synthesis of heterocyclic 
nitrogm compounds from anilideimidochlorides (/., 1936, 428, 431; 
1937, 867), it was contemplated to synthesise 2 :4 diphenylquinazo- 
line by dehydration of the benzoyl derivative of N-phenylbenzamidine. 



N-Phenylbenzamidine (I), required for this work was first pre¬ 
pared by shaking together a mixture pf petroleum ether solution of 
benzanilideimido-chloride and aqueous ammonia Lossen, Annalen, 
1891, 265, 138), but a poor 5 rield was obtained. Pyman (/.. 1923, 
3365) reported also a yield of 16 gms. only from 100 gms. of benza- 
nilide. Various modifications of this method were tried and ultimate¬ 
ly an improved method has been worked out which gives a 75% yield 
of the amidine. The improved method consists in adding an ethereal 
solution of the imidochloride to a concentrated methyl-alcdiolic solu¬ 
tion of a large access of ammonia. With less amnxmia a second com¬ 
pound m.p. 176-178° is obtained also, which renders the purification 
of (I) difficult and reduces its yield. The bye-product m.p. 176-178° 
was found to be produced by the further oondensaticm of (I) with 
2 mcds. of the imidochloride and this was confirmed by its synthesis 
from (I) and benzanilide imidochloride. The compound m.p. 176-178° 
has been assigned the constitution (II), derived from formula (I), 
although it may have! the less probable alternative structure (II A) 
derived from (lA), the tautomeric form of (I). The constitution (II) 
has been assigned on the following grounds(1) In many of its 
reactkms N-phenylbenzamidine reacts m the form (I)e.g. with phenyl- 
isocyanate, it gives N-phenyl-N'-iffienyl-caibamy] benzamidine of 
established oonstitutimi (Wheeler, /. Air. Chem. Soc., 1901, 23, 223; 
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Wheder and Sandras, /. Am. Chem. Soc., 1900, 22 365), (2) In 
benaoylation, there is a strong tendency for the foimatioi of the di¬ 
derivative even with excess of amidine, which would not be the case 
if it reacted in form (lA). in whidi case the seccHid hydrogen atom 
attadied to die same nitrogen atom would be difiicult to rqilace. 


Ph- C 



1 


Ph-C«NPh 

I 

/N-Ph 

Ph-C 



Ph-C=BNPh 


II 


Ph-C 


\ 


fNPh 


NHo 


Ph-C 


NPh 


\ 


N 


/ 


CPh: 


NPh 


- . CPh — NPh 

ha. 

Wheeler, Johnson and McFarland (/. Am. Chem. Soc., 1903, 793) 
benzoylated (I) in cold ether soluticai by benzoyl chloride and ob¬ 
tained a compound m.p. 95-97° which on crystallisation from alcohol 
gave a compound m.p. 143°. The compound m.p. 95-97° was as¬ 
signed the constitution (III) as it gave benzanilide on hydrolysis. 
The compound m.p. 143° was given the formula (IV) as it gave 
dibenzamide on hydrolysis and no benzanilide. We have repeated 
this work and have confirmed it. The monobenzoyl derivative (IV), 
mj). 143° required for synthesis of 2 : 4-diphenyl quinazoline was 
thus prepared ; although in poor yield. In order to get a better yield 
various other methods were tried. Benzoylation in pyridine solution 
with 1-2 mols. of benzoyl chloride gave a dibenzoyl derivative. Ben¬ 
zoylation with i mol. of benzoyl chloride ultimately gave dibenza¬ 
mide probably formed by the hydrolysis of the tmxiobenzoyl deriva¬ 
tive. 


/ 


N(COPh) Ph 


Ph—C 


NH 

m 


Ph-C 




NPh 


\ NH_COPh 

rv 


As tihe yield of (IV) by the method of the American workers 
was poor, it was thous^t of interest to see whether (IV) could be 
obtained by the direct condensation of benzanilide imidochloride with 
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benzamide. An attempt to omdense benzamicte with the imidochlO’ 
ride in the presence of diethylaniline or pyridine was unsuccessful, 
although benzamide condenses with benzoyl chloride in presence of 
pyridine (Titherley, /., 1904, 85, 1679). The condensaticHi of sodium 
derivative of benzamide with the imidochloride under different con¬ 
ditions gave diphenylbenzamidine m. p. 143° on a di-condensation 
product of the imidodiloride with benzamide of the probable formula 
(V). 


y 

Ph-CO~N 

\ 


CPh=: NPh 


QPh— NPh 


V 


Various attempts were made to cyclise (IV) to 2 : 4 diphenyl- 
quinazoline by the action of lieat, phosphoryl chloride, sulphuric acid 
and phosphoric anhydride, but in no case could the expected cyclisa- 
tion be brought about. 


EXPERIMENTAL 

Improved Method for the preparation of N-phenyUbenzamidine : 

Benzanilideimidochloride (50 g.) dissolved in dry ether was gra¬ 
dually added to a saturated solution ot ammonia in methyl alcohol 
(500 C.C.), kept cooled by a freezing mixture. After standing over¬ 
night, methyl alcohol and ether were distilled off, ice added to the 
pasty residue which was subsequently extracted with warm dilute HCl 
The solution was filtered from a small quantity of insoluble matter, 
and cautiously made alkaline with dilute NaOH with cooling by ice. 
The colourless granular precipitate was collected, washed with water 
and after drying, crystallised from a mixture of dry benzene and dry 
petroleum ether (b. p. 65-95°) in colourless clusters of needles m.p. 
115-117° (Lossen, {loc. df.)-m.p. 112° ; Bemthsen A, 184, 348— 
m.p. 111-112°). Yield—37 gms. (Found : N, 14-1. Calc. forCjaH^Ng, 
N, 14*2 per cent). 

Eormatim of {II). 

(t) When the previous experiment ,was repeated, using only 
250 c.c. of methyl alcohol, the reaction mixture on leaving overriight 
deposited cream coloured prisms m.p. 174°, which on crystallisation 
from benzene melted at 176-178°. The methyl alcoholic mother-liquor 
on working up gave a mixture of (1) and (II), which was difficult 
to separate into its constituents (Found : N, 10*2 C 89 H 80 N 4 requires 
N, 10*0 per cent). 


n—Q 
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(H) To N'phenyfixuainidine (2 md.) diasdved in the required 
quantity of methyl alcohol was added to an ether solution of the imido- 
diknide (1 mol.)- On allowing the mixture to stand overnight, a 
cream coloured crystalline sdid aerated, which after crystallisation 
from benxene melted at 176-178°, and was found by mixed m.p. to be 
identical in all respects with the product obtained by the previous 
method. 

Hydrochioride. 

The base m.p. 176-178° was dissolved in dry benzene and satur¬ 
ated with dry HCl. After evapwation of benzene the residue was 
treated with petroleum ether (b. p. 60-90°), and the insoluble hydro- 
chbride m.p. 240-245°, crystalli^ from glacial acetic acid in colour¬ 
less prisms, m.p. 244-246° (Found : N, 98 ; C 8 eHsoN 4 , HCl requires 
N, 9*5 per cent). 

Dibmtoyl derivative of N-phmylbemamidine .— 

Benzoyl chloride (1-2 mols.) was added to the amidine (1 md.) 
dissolved in pyridine, and the mixture left in the frigidaire overnight. 
The mixture was poured into dilute H 2 SO 4 , and the resulting pasty 
mass, which sdidihed in the frigidaire, crystallised from alcohol in 
colourless fine needles. The dibenzoyl derivative had m.p. 143°, which 
was much depressed by admixture with the monobenzoyl derivative 
(IV) m.p. 143° (Found : C, 79-9; H, 4-8 ; N, 6 - 8 . 0*N, 

requires C, 80-1; H, 4-9 : N, 6-9 per cent). 

If the quantity of benzoyl chloride in the above experiment was 
J mol, the product obtained had m.p. 148-149° and was identihed 
as dibenzamide by direct comparison (Found ; C, 74-5; H, 5-0; N, 
N. 6-2, Calc, for C^HuOsN, C, 74-6 ; H, 5 0 ; N, 6 2 per CMJt.) 

Reaction of the sodium ^derivative of benzamide with benzanilide- 
imidochloride .— 

(t) Betuamide (1-25 mol.) dissolved in dry ether was slowly 
added to a mixture of pulverised sodium (1*25 atom) and dry ^er. 
dlfter keeping overnight, an ethereal solution of benzanilide-imido- 
^oiloride (1 mol.) was added, and the mixture refluxed for 5 hrs. Water 
was added and beryzanilide whidi s^rated was filtered off. Evapora¬ 
tion of ether fr(||up^ethereal layer gave a solid, which crystallised 
from alcohcd in qplbs m.p. 143°, which was not dqiressed by ad¬ 
mixture with an authentic ^jedmen of diphenylbenzamidine (Found : 
C, 83*0, H, 5*1: N, 101. Calc, for Cii,H,.N*, C, 83*8, H, 5*8; N, 
102 tPer coit). 

(ti) Imidochloride (1 mol.) dissdved in dry ether was added 
to the sodium derivative of benzamide (2 mols.) as before. Ether 
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was aUowed to evaporate off, and dry tduene added, and the mixture 
was refluxed for 5 hours. After addition of water to the coded mix¬ 
ture, the tduene layer was separated and toluene distilled off under 
reduced pressure. The residue crystallised from alcohd in cdourless 
prisms m.p. 171-172°. The compound has the probable constitution 
(V) (Found : C, 81-9, H, 5-2. CsaHasONa requires C, 817, H, 5-1 
per cait). 

Attempted cyclisation of {IV). 

(i) (IV) was kept at 2(X)°C for some hrs. On crystallisaticm of 
the product, only benzanilide probably produced by hydrolysis was 
obtained. 

(») (IV) when boiled with phosphoryl chloride for several 
hours also ultimately gave benzanilide. 

(m) The benzoyl derivative dissolved in xylene was boiled with 
phosphoric anhydride for some hours. Only unaltered substance m.p. 
140-143° was finally obtained. 

The authors are grateful to the University of Bombay for a re¬ 
search grant. 


[Received August 15th 1937.] 



PHOSPHORYL CHLORIDE AS A CONDENSING 
AGENT IN THE PREPARATION OF AMIDINES 
FROM ACYLAMINES 

By 

M. M. SIDQCI AND R. C. SHAH 

Departments of Chemistry, Royal Institute of Science, 
and Ismml College, Bombay. 

There are generally two available m^ods for the preparation 
of amidines from acylamines and amines 

(i) the method of Hill and Cox (/. Am. Chem. Soc., 1926, 48, 3214) 
in which the condensation is brou^t about in the presence of phos¬ 
phorous pentachloride, and (ii) Hoffmann’s method, in which phos¬ 
phorous tridiloride is used as the condensing agent (Z., 1866,161; Sen 
and Ray, /., 1926, 646). During the course of the work on the 
synthesis of diaryl-cinnamidines from cinnamanilides (Sidiki and 
%ah—^under publication), it was considered worth while to inves¬ 
tigate the use of phosi^oryl chloride as a ccmdensing agent, as the 
yields with phosphorous trichloride were not good enough and the 
products difficult to purify. The use of phosphoryl chloride, which 
does not appear to have been used previously for this purpose, 
gave a much better yidd of diphenylcinnamidine, the yield with 
phosphoryl chloride being 76%, and that with phosphorous trichloride 
being only 49%. The reagent was found to be an efficient conden¬ 
sing agent in the preparation or known typical amidines like dijffienyl- 
benzamidine and diphenyl-acetamidine. Further, diphenylcroto- 
nanudine, whidi could not be pr^red by the methods of Hill 
and Cox, or Hoffmann, was readily obtained by this method. 

EXPERIMENTAL 

Condensation of Cimtamanilide with aniline in the presence 
of phosphoryl chloride : — A number of esqieriments under different 
conditions were tried and the following experimental conditicms gave 
the best results. To a mixture of dnnamanilide (1 mol: 5 g.) 
and aniline (1 mol: 2*1 g.) POQ 3 (35 g.) was added, and the 
mixture [»otected from moisture, heated for 5 hours in an oil bath 
at 140-150”, till the evdution of HQ was n^gible. The coded 
mixtwnSMW poured into ice cold water, when a ydlow solid hydro- 
diloil^^S g.) separated. The hydrochloride on boiling with con- 
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centrated ammonia give diphenyl-cttmamidine which crystallised from 
alcohol in ydlow needles (5-45 g.). M.P. 123®, and mixed m.p. 
with the product obtained by using PCI 3 (Sidiki and Shah, loc, 
cit,) showed no depression. (Found : N, 9*6. CziHigNj requires 
N, 9-4 per cent). 

Diphenylacetamidine and diphenylbenzamidine were prepared 
using the same experimental conditions from acetanilide and ben- 
zanilide respectively in yields of 84% and 80% respectively. The 
effect of using P 2 O 5 , KHCXJg, ZnClj, along with POClg in such 
condensations was also investigated, but it was found that the yield 
was not improved and the products were more impure. 

Diphenyl croionamidine —The condensation of crotonanilide 
{Authenreith, Ber., 1905, 38, 2566) and aniline could not be suc¬ 
cessfully brought about in the presence of PCI5 or PCI3, the pro¬ 
ducts in both cases being uncrystallisable and pasty. The amidine 
was readily obtained with^phosphoryl chloride. A mixture of cro¬ 
tonanilide (4-6 g.), aniline (2*2 g.) and POCli (30 g.) was heated 
at 130-140® in an oil bath for 3 hours. The cooled mixture, when 
poured into water gave a pasty insoluble hydrochloride. The hydro¬ 
chloride was dissolved in hot dilute HCl, and the amidine preci¬ 
pitated by alkali extracted with ether. The residue from ether 
extract, on crystallisation from hot alcohol, gave colourless needles 
of diphenyl croionamidine m.p. 85®‘(Found : N, 11-7. Ci^HjeNg 
requires N, 11*9 per cent). It is sparingly soluble in hot water, 
and readily in hot dilute HCl. It is very soluble in the usual organic 
solvents. 

The authors are grateful to the University of Bombay for a 
research grant. 

[Received August 15th, 1937-] 



PRODUCTION OF TERPINEOL FROM PINENE 

By 

B. G. S. ACHARYA AND T. S. WHEELER 

Department of' Chemistry, Royal Institute of Science, Bombay. 

This paper describes the results of an investigaticm aa the 
production of terpinecd from pinene. A systematic study of possible 
processes has been made and an improved process which may be 
worth investigation on a semi-technical scale has been developed. 
The stages involved are : 

Pinene->Tetpin hydrate-^Terpineol. 

The best yields now obtained for the above stages are : 

Pinene->Terpin hydrate 40-3% 

Terpin hydrate-^Topinecd 89-4% 

This gives an over-all yidd of 36%. 

EXPERIMENTAL 

The turpentine (American turpentine employed) to be used as 
a source of pinene was distilled and the pinene fraction (158-160°) 
collected. 

Pinene-^Terpin Hydrate. 

As a result of systematic investigation on the following vari¬ 
ables (1) temperature (2) strength of H 2 SO 4 (3) quantity of H 2 SO 4 
(4) emulsifiers and (5) time of shaking, the optimum conditions were 
found to be as follows 

i 

Pinene (1 part) and sulphuric acid (22-25% ; 1*75 parts) are 
shaken vigorously for 35 to 40 hours with gelatin 2-2-5%, which 
acts as an emuMfying agent, when sandy crystals of terpin hydrate 
are ocniously formed. At the ontset a few crystals of terpin hydrate are 
added to act as nudeii for crystallisation. The liquid is filtered to re¬ 
move the terpin hydrate (0-44 to 0-45 parts) and the filtrate is again 
shaken for about 5 to 6 hours with dilute sulphuric add (22-25% ; 
0-25 parts). The solid now formed is cdlected and the whde 
product is wadied with water and treated with dilute sodium car¬ 
bonate solution, filtered and dried. Yield of terpin hydrate, 40-3% 
of t|ie theoretical; m.p. 116-117®; m.p. of pure product 117®. 
The use of emulsifying agents such as gdatin is tm. It consi¬ 
derably accderates the reactum. 
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Terpm Hydrate-^Terineol. 

A munber of adds were examined and oxalic add proved to 
be most satisfactory. The optimum conditions were found to be as 
fdloiws: ^ 

Terpin hydrate is boiled under reflux for 6 to 7 hours with 
twice its weight of 0*5% oxalic acid sdutim {Aschm, Ckem. Zentr. 
1919, I, 284). The yellow upper oily layer obtaining terpined 
is separated, the fraction boiling at 200-214'’ being collected. Yield 
89*4% of the theoretical. 

The fcdlowing reactions were also examined by the methods 
given in the literature but no successful result was obtained. 

Pinene Terpineol. 

Pinene->Terpineol esters. 

Our best thanks are due to the University of Bombay for a 
grant to aie of us (B.G.S.A.1 towards the expense of the research. 

[Received July 28, 1937] 



STUDY OF SOME PHYSICAL PROPERTIES OF 
COMMERCIAL GUMS 

By 

N. A. YAJNK, P. L. KAPUR AND MANPHUL SINGH JAIN 
University Chemical Laboratories, Lahore. 

The study of f^jrsical pr(Y>erties such as viscosity, pH value, 
surface tension, protective power, etc. of substances like g^ue and 
gdatin has made it possible to utUize them in a number of indus¬ 
tries—i^iotography, sizing, binding, food-stuffs and pharmaceutical 
preparations. 

The ccunpounds of colloidal carbohydrate acidic bodies, occur¬ 
ring as exudates on plants, resemble glue and gelatin. Of the many 
gums available in the Indian market, the physical propierties of 
only gum Acacia arabica seem to have been studied at some length. 
Pearce and Leary (/. Phys. Chem., 28, 51, 1924) showed that 
the hydrolysis of methyl acetate by hydrochloric acid was retarded in 
the presence of gum Acacia arabica. Thomas and Murray (/. Phys. 
Chem. 32, 676, 1928.) studied the pH and viscosity relation¬ 
ship of gum Acacia arabica. Taft and Bingham {/. Phys 
Chem., 36, 2338, 1932) substituted Gum Acacia as an addition 
compxHind for gelatin while studying the electrodeposition of copper 
from cop^r sulphate. Gum Acacia on account of its similarity in 
properties with gdatin is used now by calico-printers. 

Besides gum Acacia arabica there are many gums, whose physical 
pr(^)erties do not seem to have been investigated at all. With a 
view to see if by the study of the physical propierties of certain 
gums available in the Indian market, some industrial application 
for them could be found, an attempt has been made in the present 
investigation to study the charge, protective power, viscosity, pH 
value, refractive index, surface tendon of colloidal solutions of gums 
whose habitat, apprearance and solubility are tabulated below. 
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tears agglutinated very fine milky solution is of Hindukush, and parts of 
obtained which is bitter in Persia. 
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EXPERIMENTAL 

Charge on the particles. 

2% solution of gum Acacia aralMca and 0'5% solution of the 
other gums were prepared in conductivity water. The sign of the 
charge of the gum particles was determined by the ordinary U- 
tuhe method using platinum electrodes and 110 volts current at 
20“C. With the exception of Plantago ispaghula sol, where the 
particles settled down at the bottom, the rest moved towards the 
anode, showing that ispaghula particles are neutral, whereas the 
rest are negatively charged. 

Protective Power. 

Standard gold solution was prepared by adding 5 c.c. of 1% 
hydrogen gcdd diloride to a 500 c.c. boiling conductivity water in 
a Pyrex flask. 50 c.c. of alcohol was added and the solution on 
heating for 15-20 minutes ^became blood red. To 10 c.c. of this 
cooled standard gold solution different amounts of gum solution 
were added and the gold number as determined is tabulated below. 


Botanical name of the Gum. 


Gold Number 


(Gdatin) 

Gum Acada catechu 
Gum Balsamodendron myrrha 
Gum Boswellia thurifera 
Gum Acacia arabica 
Gum Plantago ispaghula 
Gum Cochlospermum gossypium 
Gum Dorema ammoniacum 
Gum Pistacia lentiscus 


00050-00125 
0 0015-00025 
00150-00200 
('•0400-00500 
0 0450-0-0500 
01250-0-150() 
0-2500-0-3000 
10500-M500 
No piotectivc powei 


Viscosity. 

Scarpa’s method as modified by Farrow was used. The vis¬ 
cometer alimg with the guard tube was enclosed in an electrically 
heated thermostat. 


Viscosity = 1^- 

tl T ts 

where t, is the time taken to draw up sufficient liquid to fill up 
the fiiV upto the top mark throug^r the vertical capillary tube 
of 0-85 mm. bore and tg the time required by this liquid to flow 
undei its own weight, and k is a constant, whidi was determined 


by finditip out for pure water whose absolute coefficient 

^ * tl -f ta 

viseosity at different temperatures is knowa Before proceeding with 



140 


JOOWAL or THB TOnVOtSITY OT BOkOAT 


the investigatioa of the visoositiee of the odkMdal gum st^tkms 
the ai^nratus was tested by detmnining the viscosities of the stan¬ 
dard liquids such as benzene, toluene, aniline, etc. It was found 
that the agreement between the experinKntal and the exact values 
as given in the table of physical constants was quite satisfactory. 

The influence of concentration and temperature on viscosity 
is {dotted in figs. 1 and 2. 

The pH value of the various gum solutions at various con¬ 
centrations and in the presence of sodium acetate was determined 
by the potentiometric methocL The results obtained are graidii- 
cally represented in Fig. 3. 

Refractive index of Gum Acacia arabia and Acacia catechu 
at different ccmcentrations and at different tenqieratures was deter¬ 
mined by Abbe’s refractometo' and the results are r^resented in 
Figs. 1 and 2. 

Surface tension of the gum solutions at different concentratirnis 
was observed and the results are plotted in Fig. 1. 

Summary and Discussion 

From the study of the idiysical properties of different gum solu¬ 
tions, we find that 

(1) All of them with the exception of Plantago ispaghula are 
negatively charged and are acidic in nature; Cochlospermum gos- 
sypium is the most acidic of all, followed by Acacia catechu and 
Dorema ammoniacum. 

(2) The order of their viscosity is Cochlo^iermum gossypium> 
Plantago ispaghula > Acacia catechu > Acacia arabica > Balsa- 
modendron myrrha > Dorema ammoniacum > Pistacia lentiscus. 

(3) The order of. protective power is Acacia catechu > Balsa- 
modendron myrrha > Boswellia thurifera > Acacia arabica > 
Plantago ispaghula > Cochlospermum gossypium > Dorema am¬ 
moniacum > Pistacia lentiscus. 

(4) At higher ooncentratirms BalsatiKxlendrrxi myrrha lowers 
the surface tension very much followed by Dorema ammoniacum, 
whereas at lower oxicentraticxis the power of lowering the surface 
tenaon is reversed. Acacia arabica and Acacia catechu do not affect 
the surface tension of water. 

All the gum sds are negativdy charged with the exception of 
Plantago ispaghula which is neutral. These gums are acidic car- 
boHydrate bodies. Gum arabica has been shown by Thmnas and 
Murray (/. Pkys. Chem., 32, 676, 1928) to yidd on hydrolyds 
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the so-called arable acid. Schematically this can be represented as 
RCXX>-H. This “ RCXX) is the colloidal micelle which migrates to 
the anode. The acidic character of the gums therefore explains 
the charge on the colloidal micelle. ^ 

Colloidal solutions have been classihed into two mam groups—lyo- 
[diobic and lyophilic, based upon some of their characteristic pro¬ 
perties. The capacity to remain in colloidal state in the presence 
of electrolytes was the criterion of classification of Perrin and Freund- 
lich. Viscosity and refractive index of the lyophobic sols vary 
directly with concentration, whereas they increase in the case of lyo¬ 
philic ones. Surface tension is another property which distinguishes 
one from the other. Surface tension of most of lyophilic sols such 
as those of silicic acid, starch and related compounds, do not differ 
at all or very slightly from that of the dispersi(Mi medium, but 
there are others such as those of proteins, which lower the surface 
tension appreciably. ^ 

None of these properties alone, therefore, can be utilised to 
classify the sols. 

From the viscosity—concentration curve of the gum solution, 
it is dear that the viscosity of Dorema ammoniacum and Pistacia 
lentiscus varies directly with the concentration and those of Cochlos- 
permum gossypium, Plantago ispaghula, Acacia catechu and Acacia 
arabica increase with concentration.* But viscosity of Balsamoden- 
dron varies directly upto 4% and beyond that it has a tendency 
to increase with concentration. 

Surface tension of water is lowered by Dorema ammoniacum 
and Balsamodendron whereas it is not affected by Acacia arabica 
and Acacia catechu. 

In general, from the study of these properties, therefore, it 
may be stated that the behaviour of Acacia catechu, Acacia arabica, 
Codilospermum gossypium and Plantago ispaghula is similar 
to the behaviour of lyophilic colloids while that of Dorema ammo¬ 
niacum, Pistacia lentiscus and Boswellia thurifera corresponds to 
that of lyophobic. But Balsamodendron exhibits lyophobic character 
upto 4% and beyond that it behaves like lyophilic colloids. Study 
of refractive index, as is clear from Fig. 1 also brings us to the 
same conclusion. 

The viscosity temperature curve of these gum sols, if plotted 
as in Fig. 2, indicates that in case of Acacia catechu and Acacia 
arabica, with the rise of temperature the viscosity decreases and 
the cravexity of the curve towards the temperature axis decrease^ 
and the curve steqpens. 



142 


JOURNAL OF THE UNIVERSITY OF BOMBAY 


Incidentally the ^ect of the addition of sodium acetate on 
pH was studied as wdl. It was observed that gum Doremai ammo- 
niacum and Balsamodendron requited the large amount of sodium 
acetate to change the pH valuq 4-8 to 6-0. Greater additicm of the 
electrolyte to bring down the acidity indicates greater adsorptive 
power of the colloidal particles; Dorema ammcmiacum and Balsa¬ 
modendron, therefore seem to have great adsorptive power. 

It is generally believed that viscosity and protective power of 
a cdloid go side by side. Gelatin, glue, albumin, etc. have high 
viscosity values and are supposed to be very good protective agents. 
But this generalisaticKi does not hold good in all the gums studied 
by us. Cochlospermum gossypium and Plantago ispaghula possess 
the highest viscosity but are very poor protective agents, whereas 
Balsamodendron and Boswellia thurifera are less viscous but are 
very good protective agaits. Acacia catechu, Pistacia lentiscus and 
Dorema ammoniacum are the ones in which this generalisation seems 
to hold good. 

It was believed that the low viscosity of Balsamodendron and 
Boswellia thurifera may be on account of some impurity present 
in the commercial gums which might be masking their high viscosity 
but (Ml repeating the experiments with purified samples, similar re¬ 
sults were obtained. 


CONCLUSION 

As a result of the present investigation it appears that the 
taste, smell, solubility in water, high protective power, acidity and 
viscosity values would enable us to use Acacia catechu as an adhe¬ 
sive in calico printing and in various food-stuffs and pharamceutical 
preparations. On account of its very high adsorptive and protective 
ixwer Balsamodendron can be used as an antidote in cases of poison¬ 
ing with acids and alkalies. Pistacia lentiscus because of its brittle¬ 
ness, lustre, insolubility in water, solubility in spirit and of lyophobic 
chaiacter can be used in polish liquors. Boswdlia thurifera 
is slightly soluble in water, but is fairly soluble in organic solvents 
and has very high protective power and can therefore be used for 
the protection of organic sols. Plantago ispaghula (mi account of 
its swdling property and high viscosity can replace agar agar in 
medicinal uses. 

[Received July 26, 1937]. 





A COMPARISON OF THE OILS FROM THE LCOAL 
• AND SPANISH VARIETIES OF GROUND-NUT. 


By 

W. V. KOTASTHANE AND N. NARAYANA 
CoUege of Agriculture, Poona. 

During the last decade the Government Departments of Agri¬ 
culture are advocating the growmg of the Spanish variety of ground¬ 
nut in perference to the Local indigenous variety as the former has 
certain advantages over the latter. Owing to this the local variety 
is fast being displaced by the foreign one. This investigation was 
undertaken to compare the ^wo varieties of ground-nut as to the 
nature of their oils and proteins. The comparative study of the oils 
is presented in this paper. Further JamiescMi, Baughman and Brauns 
(/. A. C. S. 1921. 43, 1937.) have analysed the oil from the American 
grown Spanish variety and it will be interesting to compare it with 
the oil of the same variety grown in India. 

India produces half the world’sJotal output of ground-nut seeds 
which occupy 29 per cent of the area under cultivation of oilseeds in 
this country. The oil, which is 50 per cent of the seed, is milled mainly 
from the indigenous local ghanis—a crude iiestle and mortar type 
crusher. 

The cold pressed oil is almost colourless and has a taste not 
unlike that of the olive oil. It is a typical non-drying oil, hardening 
at about—T^C. and does not easily turn rancid. In India the oil 
is mainly used for culinary purposes. It is also used widely as an 
adulterant for ghee and in that form is more extensively consumed 
than is ai^rent. In industry, it is used for soap making, for making 
vegetable ghee and as a lubricant. It has been recommended as a 
good substitute for olive oil in medicine. 

Description of the two varieties. 

The Local or the idigenous variety oi^ the ground-nut has deve¬ 
loped out of the Brazilian ked imported long ago. In the plants of 
this variety the stem creeps along the ground and nuts are formed 
all along the stem. Also, all the pods do not mature simultaneously. 
This makes harvestii^ more difficult. The seed has wrinkles on the 
body and has a pale red oNour. There are usually three seeds per 
pod. 
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The ^janish vari^ is supposed to have been introduced into 
this country in 1907 from ^in. This is fast replacing the indige¬ 
nous variety as it has certain advantages. It is upright in habit 
and the nuts cluster round the roots in bunches. All fruits mature 
simultaneously. The seeds are small and round. There are two seeds 
in every pod. The yield per acre as well as the oil content are higher 
in this variety. Also, the ^ell contort is smaller, being cxily 20 per 
cent, as against 24 of the Local variety. 

The following table gives the variation as r^ards the oil content, 
shell and kernel in the two varieties of ground-nut. 


Table 1. 



Local 1 

Spanish 

Oil 

43 06—48*24 

44*36-54*34 

Shell 

21-70-35-62 

15*57—29*03 

Kernel 

65*26—89*20 

1 

74 02-84*43 


Table 2. 


Analysis of Ground-nut Pods. 


Local ^ 

Spanish 

Weight of 100 pods 

120*6 gms. 

98*25 gms. 

Number of seeds per pod 



(average) 

3 

2 

Ratio of Seed to Shell 

3*22 : 1 

411 : 1 

Oil extractable in Ghani 

80 percent 

90 percent. 


Table 3. 


Analysis of Ground-nut Kernel. 


Local 

Spanish 

Moisture . 

3*58 1 

3*64 

Ash 

2*27 1 

2*36 

Crude Fibre 

2*38 

2*05 

Crude Protein (N x 6*25) 

35*26 

31*88 

Ether Extract 

46*17 

51*08 

Carbo-Hydrates (by difference) 

1034 

8*99 


100*00 

100*00 
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The main differences between the seeds of the two varieties are 
the higher oil content and lower shell content of the Spanish variety. 
The Local variety has already been pointed out to be harder to crack 
yielding a lower percentage of oil on expressicm. ' 

EXPERIMENTAL 

The pure strains of the two varieties were obtamed from the 
Farm, College of Agriculture, Poona. The oil was cold pressed in a 
ghani, the seeds being moistened to facilitate the expression. The oil 
as obtained was opaque and hence was kept for a day to let mucilage 
and other suspended matter settle and then decanted and filtered. The 
filtered' oil was clear and golden yellow in colour. It was preserved 
in dark amber coloured bottles in an atmo^here of carbon dioxide. 

The physical and chemical ccxistants were then determined in the 
two varieties of oils by methods recommended by the Association of 
Official Agricultural Chemists^ U.S.A. (1930). 

Table 4. 


Physical and Chemical Constants, 



Local 

Spanish 

Specific Gravity, 28*5®C 

09090 

0*9068 

Butyro Refractometer, 40°C,. 

54*00 


Lovibond Tintometer Yellow . 

400 


Lovibond Tintometer Red 

0*48 

0*56 

Acid Value. 

1*74 

2*28 

Saponification Value .. 

189*08 


Iodine Value (Winkler) 

10075 

95*43 

Iodine Value (Hanus) 

96*47 


Acetyl Value 

15*67 

11*65 

Reichert Meissel Value 

0-25 

0*24 

Polenske Value 

0*20 

0*23 

Unsaponifiable Matter 

035 

0*46 

Saturated Acids, percent, (ccwr- 



rected) . 

16*63 

18*05 

Unsaturated Acids, percent, 



(corrected) 

77*48 

74*68 . 

Iodine Value of Unsaturated 

f 


Acids . 

120-25 

105*30 


Among the striking differences between the two oils may be 
mentioned, the higgler Acetyl and Iodine values of the Local oil. As 
may be expected' from the higher Iodine Value, the percentage of 
Unsaturated acids is also hi^er in the Local oO. 
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The ftee fatty acids were pr^red f r(Mn the by saponification 
with aiccrfiolic potatti and then neutralizing with sulphuric acid. The 
acids were of pale ydlow cdour and on standing, the solid adds 
settled down in the form of fine granules. 

The mixed fatty adds were next resolved into solid and liquid 
adds by twice predpitating them with lead acetate in 95 percent, 
alcoholic sdution according to lead-salt-alcohol method of Twitchell 
(Ind. and Eng. Chem. 1921. 13. 806). 

The table below gives the characteristics of the total fatty acids 
and the solid and liquid adds. 


Table 5 


Local 

Spanish 

Total Fatty Adds. 

Mean Molecular Weight 

292*40 

292*85 

Iodine Value (Winkler) 

99*25 

94*72 

Solid Fatty Adds. 

Mean Molecular Weight 

262*20 

300*80 

Iodine Value (Winkler) 

2 62 

0*63 

Liquid Fatty Aads. 

Mean Molecular Weight 

340*30 

340*50 

Iodine Value (Winkler) 

120*25 

105*30 


The saturated fatty acids were converted into methyl esters usmg 
dry hydrochloric add as a catalyst and distilled fidctiimally undei 
reduced pessure. Saponificatimi Value, Mean Molecular Wd{^t and 
Iodine Value (which gives the measure of the ccmtaminating unsatur¬ 
ated adds) were determined for each fractiixi and actual percentages 
of individual adds calculated therefrom. 

The liquid adds were brominated in ether according to the me¬ 
thod described by Jamieson and Baughman (/. A. C. S. 1920. 42. 
238; 1921. 43, 1372). Tte^etheieal solutim did not give any pre- 
dpitate showing the aiiiiiliy >1 >bi nee of linolenic add. Linoleic tetra- 
bromide was sepaiatad fidOlA hkic dibromide by the sdubiltiy of the 
lattes dn petroteum Bther. 

Table 6 gives 4|||^percentage8 of saturated and unsaturated adds 
and table 7 gives the percentages of {dycerides in the two mis. 
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Table 6. 



Local 
per cent 

Spanish 
\ per cent. 

Palmitic 

7-75 

8*53 

Stearic . 

4-33 

2*14 

Arachidic . 

1*45 

3*42 

Lignoceric . 

3-10 

3*98 

Linoldc . 

24*80 

16*69 

Oleic 

52*67 

57*99 


Table 7. 


Glycerides of 

Local 

Spanish 

* Spanish 

Palmitic Add 

' 8*13 

8*92 

8*20 

Stearic Add 

4*52 

2*23 

6*20 

Arachidic Acid 

1*49 

3*52 

4*00 

Lignoceric Acid . 

3*19 

4*10 

3*10 

Linoldc Add 

25*79 

17*36 

24*70 

Oldc Acid 

55*04 

60*60 

52*90 

Unsaponiiiable Matter .. 

0*35 

0*46 

0*20 


As has already been pointed out, the main differences between 
the oils of Spanish andl Local varieties are the higher Acetyl and 
Iodine values of the Local oil Consequently the percentage of the 
unsaturated acids is also higher in the Local oil by 8*4 per cent or 
one and half times that in the Spanish oil, which explains the higher 
Iodine value of the former. Finally the diaracteristic fatty acid of 
Ground-nut Oil—^Arachidic Acid—is less in the Local oil than in 
Spanish oil, while Stearic add content is double in the Local. 

In the same table column 4 gives the results of the analysis of 
the oil of the Spanish variety, but grown in a different country under 
different conditions of soil and dimate. As can be seen in the table 
the three oils differ in thdr composition. The main differences ob¬ 
served are in the contents of Stearic and Arachidic acids. ^Thus the 
oils from different varieties and also of the same variety but grown 
under different conditions show variations in their composition. 

The authors are thankful to Rao Bahadur Dr. D. L. Sahasra- 
buddhe for suggesting this problem and for his help and advice 
this investigation was in progress. 

[Received August 7, 19371. 

* JamiescHi, B aug h a m and Brans, /. A. C S. 1921, 43» 1372. 













A NOTE ON MAXIMA AND MINIMA 
By 

K. R. GUNJQCAR 
Royd Institute of Science, Bombay. 

In apidying the methods of the Infinitesimal Calculus to the con¬ 
sideration of the turning points of a continuous differentiable functicm, 
the following sufficient set of o(xiditi<xis are often given : 

If in the neis^bourhood of x= a, f (x) > o when x < a, and 
f' (x) < 0 when x > a, f (a) is a maximum value of f (x) ; and simi¬ 
larly for a minimum, with appropriate changes. (A) 

To ^ew that these conditions are not necessary consider the 
following interesting examples : 

Let f (x) = X* (2 -f- sin ^ ) when x o, and f (o) - o. 

X 

In a neighbourhood of x = o, f (x) oscillates between x* and 
3 x’ and » is positive, except at x = o where it is o. 

f (o)< f(x) where X 7 ^ 0 . 
f (o) is a minimum value. 

But f' (x) = 4 X + 2x sin - cos-- whenx^^^o, and f' (o) 

X X 

= o. 

f' (x) hasn’t got a constant sign in the neighbourhood of x = o, 
and so the conditions (A) cannot be satisfied. 

If f (x) = x»(l -f sin ^ ) when x^^o, and f (o) = o, f (o) is 

still a minimum value, although f (x) = f (o) also at other points 
in every neighbouiiiood of x =o. On this account some may even 
hesitate to regard it as a minimum. 

If f(x) = X* (2 -f sin ^_ ) when x^^o, and f(o) =0, f(o) is a 

X 

minimum; here f'(x) is continuous at 0, but still it does not 
satisfy (A). 

[Received 31st August, 1937.] 



PROPAGATION OF LIGHT WAVES THROUGH ETHER 

By 

PROF. L. V. GURJAR, M.A. 

[Hie object of this article is to shew that if the lig^t waves are con¬ 
sidered as plane waves, their nature can be studied first by guessing the 
solution and then determining it so as to be in confcninity with the physical 
fact&l 

Propagation of light waves takes place through the elastic medium 
of ether. 

Consider a molecule of ether. Let M be the molecule of ether 
in the state of equilibrium. Due to the vibration let it occupy the 
position Ml. Then MM, would be the vector of di^lacement of the 
molecule at M. If (x, y, zY are the coordinates of M and (x -f u, 
y -I- v, z -I- w) those of M, referred to three rectangular axes then 
(u, V, w) would be the components of displacement of MM,. The 
componoits of the velocity of the molecule would be 

du dv dw 
dt ’ dt ’ dt 

and those of acceleration ■* 

d*u dV d*w 
dt® ' dt* ’ dt* 

Now consider a small parallelepiped having its edges passing 
through the molecule M and parallel to the coordinate axes. Let the 
lengths of the conterminous edges be Sx, 8y, 8z. Then its volume w is 
given by 

o) = 8x 8y 8z. 

Due to the vibration, the parallelepiped is displaced from one 
position to the other. Consider two such consecutive positions. In 
the second position it is obvious that the edges of the parallelepiped 
may or may not be parallel to the coordinate axes. 

Then the equations of small movements can be obtained by re¬ 
solving the motion parallel to the x, y, z axes respectively. . 

Thus resolving parallel to the axis of we get 

^ P 8x 8y 8z = - Ni 8y 8z 4* (Ni -f ^ fix) fiy fiz 

-T,«z»x+ (T, + If-'dy) »z dx 
fiy 

— Tj 5x by + (T, + U* bz) bx by 
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where p is the density of the patalldepiped, Ni, N(, N« are tiie nor¬ 
mal stresses (normal to the faces of the parallelq)iped) and T,, T, 
are the tangential stresses acting along the faces of the parallelepiped. 
The above equation reduces to 


0^ . ^ 4. ^ 4. ^ 

fit? dx dy 02 

Similarly resolving patalld to the y and z axes we can easily get 


dt? 


, d*w 


dx 

i®2i 

dx 


dN* 

dy 

dy 


dx 

. ^ 

dz 


( 1 ) 


•^dt* 

But u, V, w, the c(xnp(»ients of mdecular displacement and 
Ni, Ni, Nj, Tj, Tj, T, are ccmected by the following relations : 


N,.XA + 2^|andT,.^^+0) 

N,.XA + 2^^ 

N..XA + 2.^ = + ^ 

Where X, are known constants Ifi being the modulus of rigidity 
and (A + ^ /a) modulus of elasticity or the modulus of compression) 
and A iaf t5ie cubical dilatation. 

By substituting these values in (1) we get : 


= (X + (J.)^ + 

P § = (X + li) ^ + IIVv 
Pp^=(X + lii)|^ -P ixW 


. ( 2 ) 


Theory of plane waves :-If now the light waves be considered 
as fJane waves and if they are propagated in such a manner that they 
are parallel to the xy plane, then u, v. w. the components of displace¬ 
ment would depend only upon z and t. 

Thus in this case 


_ §A _ 

dx dy ° 

and A = ^. 
dz 
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Tlwn the equaticHs (2) further reduce to : 


o 0*u 5*u 

^ ee " 


I ^ 

at* 

a*w 

at* 


a*v 

= (X + 2n) 


az* 


(3) 


Putting o)i = and o)s = /yj 


at* 

at* 

a*o) 


p 

s a*u 

a*(i) 


^ we get 
P 


^ ^ „ 2 ^ ^ 

at* " '"* &« 


(4) 


The forms of these equations clearly indicate that they are similar 
to those of vibrating bodies. 

Their general integrals are ©yen by : 

U = (z — (i)it) + (z + (i>it) 

V = $9 (z - (i)it) + ¥2 (z + Wit) 

W = $3 (Z “• W2t) 4 - ¥3 (z + 0l)2t) 

the function ^ and ^ being perfectly arbitrary. 

If further, we suppose that 
V = w = o and u ^ o 

the plane wave being parallel to the xy plane, the vibrations would 
be transversal and would be propagated with a velocity 


Similar results would fdlow if 
u = w = o v#'o 
But if u = V = o and w # o then 

W => ( Z — (l)st) + ^» (z + (>)*t) 

This represents a longitudinal vibration since the displasetnent ia 





152 JOURNAL OF THE UNIVERSITY 6F BOMBAY 

pfirrpn*<««»>af to the plane of the wave, the vetodty of pr<q)agation 
being 

». = 

In this case 

udx + vdy + wdz 
reduces to wdz 

and w being a function of z and t only, wdz is a perfect differential. 

The quantities and W 2 are thus the velocities of the transverse 
and longitudinal waves and they are in general different from each 
other. 

But here it should be borne in mind that light vibrations are 
always transversal. Hence in the various phenomena of reflection 
and refracticm, the force of the incident ray is visible in the transverse 
vibration. Had the vibration been longitudinal, the part of the force 
would have been absorbed. 

Hence it is here essential to take that the longitudinal vibration 
does not exist for a ray of light. 

Hence in order* to keep conformity with the physical facts these 
mathematical equations mast satisfy the equation : 

W-i = o 

or X -f 2pL ~ o 

Instead of taking the xy plane (i.c. z = o) if the plane 
«x + )9y + yz = o 

be taken parallel to the plane of the wave, then the quantities u, v, 
w would be functions of «x + )0y + yz and t. 

Let us now consider the particular case corresponding to the 
periodic vibrations. The equations that give u, v, w are to have real 
coefficients if we find a sdution : 

u - u„ 

V = Vo 

W=^ Wo 

or ifi Uo, Vo, Wo are imaginary, we shall denote u'^, v'^, w'^ their 
imaginary conjugates and the equations will be satisfied by 

u = u'o; V ■= v'o; w = w'o 
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Hence the new sdutkxis would be given by: 
u = J (u, + u',) 

V = J (v. +v'.) 
w = J (w, + w',) 
i.e. by the real parts of Og, v., w,. 

We can therefore write u, v, w under the complex form atxl con¬ 
sider only the real part of this complex function. 

For studying periodic vibrations we shall take u, v, w as the com¬ 
plex functions in the egqxxiential form say 


or writing 


u g, + Py + Yr -t- pt) 

^ ^ ggi(ax -l-.Py -I- Yz + pt) 

w = Ce‘^“* + Py + Yz + pt) 
P = ax -I- Py -I- Yz -1- pt 


Ae 


iP 


iP 


V “ Be 

^ iP 
w = Ce 

The plane of the wave is always 
ax + j0y4-7Z + pt = o 
being paralld to ax + jSy + yz = o 
Let us try to hnd out the transverse waves. 

The conditions that the wave should be transversal is that the 
deformation should be transverse. For this to be so 

A = o 

Su , Sv , 5w 

i.e. Aiae^ + BiPe^ -I- CiYe^ == o 
or Aa + BP + CY * o 

Hence the direction of vibration is in the plane of the wave. 
a*u 


Now 


ue. 

II—T. 


at* 

a*u 

a? 


Oh* V*u 




ay* 


(5) 




UM 
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But U 


^i(*x + /8y + tz + pt)^ ^iP 


dx 

ftc* 


Aiae 


iP 


Aa*e^ 


.'.tbe equation (5) gives 

-p»Ae^ = - V («' + P’ + If*) Ae*^ 
or p’ = coi* (a* + P® + t®). 

Taking various forms for the periodic vibration, we can thus 
study the mathematical nature of the propagation of lig^it waves. 


[Received July 17, 1937] 



SOLUTION OF THE BERNOULI—EULERIAN THEOREM ON 
BENDING OF RODS. 

PROF. L. V. GURJAR, M.A. 

(Before reading this article, the reader is requested to go through 
my article on the solutkm of the problem of St. Venant that appeared 
in the Bombay University Journal, Vol. V part 11, S^tember, 1936, 
pp. 172-176.) 

Statement:— 

“ The bending momenh at any point is proportimal to the cur¬ 
vature at the point.” 

Take a cylmder ABba and let CD be a rijdit section of it. Then 
the portion ABDC will be in equilibrium under the action of: 

(t) The external forces applied at the base; 

(ti) the mutual internal molecular actirai; 

(Hi) the reaction of the part CDba i.e. the pressures upon the 
various dements of CO. 

Take the origin at the centre of gravity of the cylinder and the 
axes of coordinates the principal axes of inertia at the point, the axis 
of z bdng paralld to the generators of the cylinder. 

Let o' (rf the point of CD where the z axis cuts it (o' will ob¬ 
viously be the centre of CD) and draw o' x', o' y' paralld to ox, 
oy respectivdy. "rhen it follows that o' x', o' y', o' z will be the 
axes of inertia for CD. 

Let dot be the dement of the area CD. 'Then pressures upon 
this dement will be (since it is paralld to the xy plane) 

Tjdti), T^du, Njdoi 

where N^, N,, N, are the normal stresses and Tj, T„ T, the tangen¬ 
tial ones (See Lame’s Ldxxis dd’elasticit^). 

All thess MpHtres on the dementary areas of CD can be com¬ 
bined so tMt singde resultant pressure whose point of appli¬ 

cation is ti^ wSMk with a ooui^e called the resultant couple. 

'The moment of this couple about the axis of o'x' or the axis o'y' 
is called tic bm d in g moment and the moment about o' z is called 
the moment of the torsion couple. 
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The components of the resultant pressure upon CD are : 

// T,d», // T^do., // N,d® 

The bending moment about the axis of x is therefore 
// N. yd- 

and that about the axis of y is 
—//N,xd» 

The moment of torsion is : 

// (xT, - y T,) d- 

If F is the force applied to the base AB, the following is the 
total action of fmees upon ABDC : 

(i) the force F; 

(t») the mutual internal mdecular actkns;' 

* ( Hi ) the iHessures exated upon various dements of the area CD. 

Of these the mutual molecular actions bang equal and c^rposite 
naitralise each other. 
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Consequently F is the only force which in conjunction with the 
pressures upon the various parts of CD ensures the equilibrium of 
ABDC. Hence the bending moments of pressures about the axes 
of o' x' and o' y' and the moment of torsicm couple about o' z will 
be equal to the corre^xmding moments of F about the axes o' x, o' y/ 
o' z ie 4 )ectivdy. 

Curvature Now take scnne fibre of die cylinder and let any 
point on CD whose coordinates are (o, o, z) have coordinates (u, v, 
z + w) after deformation where tv is very small—almost negligible 
so that we can take the coordinates as (u, v, z). 

The projection of the curvature (for, the mean fibre would be¬ 
come curved due to the deformation) upcxi the vertical plane zx is the 
curvature at the point (u, z) and is given by 



Neglecting the square of ^ which is infinitely small we have 



This curvature we are now going to shew to be proportional to the 
bending moment. 

According to the Saint Venant’s problem, we get 
u -I- iv = a + bx cx* = f (x, z) 

where b and c are polynomials of the first degree and a is of the third 
d^ree in z, and x = x + iy 

'Then 

6“u , . 0*v fl*a . fi“u . . 1 w. c 

^ ^ where ^ IS the real part of 

It therefore follows that the curvature does not depend upon 
(x, y) but upon z and so is the same for all the points of {he fibres 
that cut the same right sectioa • 

Now let 


b = b, + ibi 
c = c, + iCj 

where b., c. are real parte of b and c and b^, c^ the imaginary. 
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It also foOom fion the vjltttion of the Saint Veoant’e praUea 
0*a 2 


where a 

. «!» 

«e* 


2(X + Ji) 
.X + }t 


But ^ is the real part of ^ and Co that of c. It follows 


To calculate the bending momoit we have ; 

dw 

Ni = X A + 

Ni = X A + = o 

Ni = X A + 2ii^ = o 
Adding these 

N, = 3 X A + 2ijl A = (3 X + 2[j.) A 
.-2t(3>.+2|x)| 


SnceA = 


2[t du 


X vx 

Again u + iv = a + b* + ac“ = f (*, z) 

. 5u , . dv of . , o 
• • iT + 15 - = -r- = b + 2c* 
dx dx d* 

dll 

^ is the real part of b + 2c* 

^ “ *>0 + 2coX — 2ciy 

N» = — ^ (3 X + 2 [i) (bo + 2coX - 2ciy) 

.'.the bending momoit is given by 

-//iIa. - f-(3 X + 2 p.) { bo//»i» + 20. 

-2ci// xydtt I 
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But //xdtt » o since o' is the centre of the section CD, 
and //xydtt = o dnoe o' z is the axis of inotia. 


“ //Njxdu) = ^ (3 X + 2|Ji) 2co //x*d4) 

Since ffx*d(o = I, the mmnent of in«tia of the rij^t section 
about o'y' and 


~ f f Naxdti) 


X 5*u 
“ 4(X + |i) Sz® 

li(3 X + 2 ^) j ^ ^ El 
X + [i 5z* P 


1 a*u 

since - = ^ 

and = E (the Young's modulus). 

X +11 , ' 

The bolding moment is therefore proportional to the curvature. 


Hence in all problems of bending of rods we take the bending 
moment proportional to the curvature and equate to it the corres¬ 
ponding moments of the force F applied at the end AB. 


{Received July 17,1937.] 



THEORY OF MAGNETISM—(A SUMMARY) 

By 

Dt. K. R. DIXIT 
Qujarat CoUeget Ahmedabad. 

INTRODUCTION 

In goieral when we bring a substance in a magnetic field of 
strength it shows magnetic polarisation. If F is the amount of 
magnetic moment induced per unit volume, then the fidd when the 
substance is present is different from the fidd H. in vacuum. 

H=H. + H. =Ha + grad(//^^-///^dv) 

where Fq is the component of F normal to the surface dement df; 
and dv is the dement of volume inside this surface. The value of 
F depends on the nature of the substance, is independent of the 
shape of the body and is a function of the fidd strength H.F.=F(H). 
If we divide F into two components one paralld to H and the other 
perpendicular to H, for most * substances Fn vanishes and we write 
Fii = F (H). Most impoaant is the rate of change of Fn in weak 

magnetic fidds. The quantity X = ( | ^ is the magnetic 

susceptibility. Sometimes we consider the susceptibility pro Mol 
Xl= vx, where v = Mol volume. 

(a) Diamagnetic substances. Here x is negative and in general 
so small that at normal temperatures and with practically attainable 
fields, there is a linear relati<Mi Fn = x^^- general the diamagnetic 
susceptibility pro Mol is independent of the temperature. The rare 
gases are diamagnetic, e.g., for hdium xl =—18*8 X 10“^ 

(b) Paramagnetic substances. Here x is positive and varies 
with temperature. 

1. In the C9m of O 2 gas X = ~ where C is a cwistant and T 

the absolute temperature. At room temperature and atmospheric 
pressure x * 1*4 X 10"^. 

* Isotropic bodies* and anisotropic bodies when H is along one of the 
principal magnetic axes. 
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2. For adid Na, upto melting pcant x is independent of tem- 
poatttre and is 5'8 X 10-’. 

3. Sdid irwi above 1100“ K follows the law pf Curie and 


Weiss X = ^ where Op is the paramagnetic curie point and is 

T0p 

about 1050^ K. 


(c). Ferromagnetism, Pure single crystals of ferromagnetic 
substances show even in weak fields a finite magnetisation. Here x 
is positive and very large as compared with other substances; it 
varies between 50 and 30,000 depending on the previous history and 
the state of tension. F,, is not here a definite function of H, and 
although hystensis is a characteristic of ferromagnetism its magnitude 
is a result of the tension and the impurities and is practically negli¬ 
gible in pure single crystals. Ferromagnetic substances are Iron, Nickel 
and Cobalt, under the temperatures 1040®, 631®, 1404® K respectively. 
The temperature above which a substance ceases to be ferromagnetic, 
is called its ferromagnetic Curie point and is denoted by 0f. 

As X is in general small we may write H = H„. However in 
the case of ferromagnetic substances the limiting field Hi plays an 
important part. The problem before the molecular theory of magne¬ 
tism is to explain the magnetic properties of matter in terms of the 
accepted structure of the atoms, namely 4he nucleus electron model. 

{Note : Only the significance of the special symbols is given.) 


Diamagnetism of atoms and molecules 

Qmsider a monatomic gas in which the electrons are influenced 
by the coulomb field of the nucleus (we neglect the relativity spin 
of the electron). In the presence of a magnetic field H, in the Z 
direction, there is superimposed on the normal electron motiim a rota¬ 
tion, the Larmor precession <*> - ®iL_ while the moment ,of 

2 mo c 

rotation induced by this external field is given by 

m** —mo to S (xi Yi ^). 

1 

Thus the magnetic moment, is m = _ ^ __®5L.5; (x, s+y. *) 

2 m^yc 4 moc’ i ' 

Actually we observe not this instantaneous value but the time average 
In the absence of the extern^ Add, all directions are of course equally 

II—V 
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probaUe, and we get xi “ = yT’ = zi “ = (^) 

where fj is the distance of the i*** electrcai from the nucleus. Thus 


“ e=H 

If N is the number of atoms per unit volume and we assume 
that the moment induced by the external field,, is the only magnetic 
moment the atom possesses, we get 

If we substitute for rj » 1*0 X 10 cm. we obtain the values of 
X which are of the same order as those actually observed. 

In the quantum theory we again consider a system of n electrons 
influenced by the external field H and' the electrostatic field of the 
nucleus. We get for the average (neglecting H'-* etc.) in the 
ground state of the atcmi or molecule 




iCr He^ 


Kxi =-‘+yi =*) + 2H2: 


IMs. 


s=40 ^ ^ 


M is the average moment in the ground state which would be zero 
if we assume that the ground state is not degenerate. For an atom 
or i<Mi when the nuclear field is spherically symmetrical the third term 
vanishes. This can be seen very easily, for if we neglect the spin. 


the magnetic moment M = — ® m, where m is the Drehim- 

2 moc 

puls moment, but now the time average of m is constant, thus in 
every stationary state the matrix element vani^es. 

Thus in the case of a spherically symmetrical nuclear field we 
receive S (xp + ~) 

the same as classical. In thr ca«p of molecules with more atoms the 
fidd is not symmetrical and the third term does nob vanish. Still x 
will be of the same order of magnitude as for the atoms. 


Diamagnetism op Metals 

Various prc^ierties of the metals, ^ledally the conductivity, 
were explained by Drude and Lorentz, taking the dectrons as free 
(about one per atom) and assuming they behave as a gas and obey 
the Bdtzmann statistics. But the ooncentration of the dectrcxi gas 
at tile nonnal toxqieratures is so large, that it is necessary to use the 
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Fenni statistics. Landau was able to show that these conductivity 
elections, fdknnng quantum laws show a diamagnetism. 

The free energy of a Fermi gas of N dectrons is ^ven by 


F=Nu)+ O where O =-kT21og 

a 

and ID is the chemical potential and is determinedi from N by the 


rdation n=-4^ = S-=-- 

e« TgEs-w/kT^j 


thd summation extends over all the stationary states of the electron. 
We get for the average magnetic moment 

an ' an au) an an/ an 

The problem here is to determine the various E,—^the stationary states 
of energy Eg for an electron inside a metal under the influence of a 
magnetic field H. If we write ^ = Mi + M* where Mi is the con¬ 
tribution of the electrons inside the metal and Mj is the contribution 
of the electrons at the boundary or near the walls, we get 


p=p 

° 6 aw-* 

Here is the value of a in the absence of the external magnetic 
eh 

field and Uo= = 0*91 x 10““^® c.g.s. unit—^the Bohrmagnetoa 

4 TT mo^/ 

(As paramagnetism in weak fields due to the electron spin gives 

n =C 2 . + ^9 .0, 

2 aw* 

we see that the diamagnetic susceptibility is the paramagnetic sus¬ 
ceptibility due to the spin). 

If we go to the Boltzmann statistics we get 


M-- Np,o{coth . If also 

( N \ 

^ ^ is the number of dectrons per unit volume, then^x = — 

g which follows a Curie law fw the temperature dependence, 

as opposed tp the ordinary gases where x is independent of the tem- 
p^tures. 

In dKMt, the unbreaka^ link between angular mo mentum and 
magnetic moment makes a magnetic atwn preoess about the diwc- 
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tkn oi the fidd. This motkxi of precession is an extra motion of the 
electrons of the atom, a circulatory motion around the axis eupfdied 
by the direction <rf the field. This extra motion entails an extra 
current, an extra current is equivalent to an extra magnetic moment, 
which is the source of diamagnetism or which is diamagnetism. Dia- 
magnetinn is precession. This extra motion is produced in all atoms, 
thus those atoms whidi do not possess any magnetic moment also 
show diamagnetism.' 

Lancsevin’s Theory of Paramagnetism of Cases 

He assumes that every atom or mdecule possesses a spontaneous 
moment and that in the absence of the external field', as there is 
no preferential orientation, the resulting moment is zero. Whereas 
the field orientates the molecules and gives a resulting rnmnent. Let 
0 be the angle the moment makes with the field and the azimuth. 
The energy in the field E = — H cos 0. The probability for the 

occunence of this energy is ^ ®/kT, ^u^ if jji the orienta¬ 

tions for an atom are equally possible, we must multiply by the 
element of the solid angle in the neighbourhood of B and <j> i.e. d Q - 
sin 0 d$d ^ 

The number of states Z for a gas of N molecules is 
7_/f2ir., fw ^jtHcos SIWr \N 

2- Uo h ® sinddtf ) 

The free energy F= -N k T log( ^.J^- sinh -^) 

The average magnetic moment M - -|^=N u ( coth ^ \ 

dH '\ kT pH/ 

and the susceptibility x ~ V3 k T. 

From the experimentally known values of x we can calculate /a 
which comes out approximately /i -- 1 X c.g.s. unit as com* 

pared with the Bohr magneton |jlo== ^ ^ = 0 91 x 10“*® c. g. s. 

4 TT IHoC 

unit. 

In the Quantum theory of diamagnetism we neglected the rela¬ 
tivity spin of the electron, but we have to take this into account for 
paramagnetism. 

sum of the states is coiu>led with the free energy 

s 

of the system F, at the absolute temperature T by the relation F = —kT 
log Z where K is the Bdtzmann constant. 
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To obtain the value of x for atom and molecules we must obtain 
an aq>re8a<xi for the average moment of a system of electimis in the 
held of force of the nucleus and the eictemal magnetic hdd H. In ob¬ 
taining this expression we have to ccmsider the relatic^ between the 
spin and the orbital moments of the dectrem the so called coupling. 
With the normal or Russel-Saundeis coupling, which we use in this 
connection, the spin impulse of the elections can be given by the vector 


— S, the orbital impulse is given by ~ K, and the two together 

2tr 2ir 

give the vector — j = {S + K). 

2 TT ZtT 


While the states with different values of |S| = s and |K| = k are 
energetically widfely separated from one another, the states with diffe¬ 
rent |J| = j that is with different inclinations of S and K are com¬ 
paratively much less separated terms of a multiplet. 

At the absolute zero of temperature we can calculate the para 
magnetism in a quite elementary way and we are justified in doing 
this as the magnitude of paramagnetism is practically independent ol 
the temperature. 

When a magnetic field acts on electrons in the metals, they try 
to arrange themselves so that the ^ins are parallel to the field, foi 
then the energy is 2H times less as when the spins are antiparallel, 
where /Xo is the Bohr magneton. If through the spin arrangement 
the metal has a magnetic moment in the direction of the field, it is 
paramagnetic and the energetically lowest states are always occupied. 
In the absence of the magnetic field, the energy of the electron is its 
energy of motion in the potential field of the metal. Every one of 
the states of energy less than fo is occupied by two electrons witn 
opposite spins. With a magnetic field H the energy of an electrwi 
with parallel spin is diminished by H /x^, while that of one with 
anti-parallel spin is increased by H /x^. Here also the electrons occupy 
all States of energy less than a definite energy but now (the total 
energy = orbital energy + magnetic energy). Thus the electrons with 
field parallel spin occupy states of energy less than f — /uto H, while the 
anti-parallel spin electrons occupy C +Mo H states. The states with 
an energy smaller than fH are doubly occupied, while the states 
between f — /x^ H and f + /Xo H are singly occupied. If N is the 
number of states per unit energy interval, the number of singly occu¬ 
pied states would be N (f) 2H /x„. The electron in a singly occupied 
state possesses a moment /Xo in the direction of the field, whereas the 
moments cancel in the doul^y occupied states. This gives the total 
magnetic moment of the metal as M - 2H/Xo2 N (f) i.e. the sus- 
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cq)tibiUty x = j^- 2 jto* - 
=1-88 X io“» 

where p is the dwisity, is the number of free electrons per atom 
and A is the atomic weight. 

The formula, of course, is only an approximate one. 

Ferro-Magnetism 

The first problem of the theory of ferromagnetism is to consider 
the nature of the elementary magnet. It was natural to assume that 
the ferromagnetism is due to the motion of the electron in the atom. 
If the magnetisation is due to this motion, a magnetised body must 
possess internal moment of momoitum, the amount of which about 
any axis is proportional to the component of the magnetic moment 
about that axis. Now a magnetic substance on demagnetisation would 
simultaneously experience a change of moment. If a"M is the varia¬ 
tion of magnetisation and A"m is the change of the moment of inertia, 
AM\ e 

then ^1 = ——, This was first specifically pointed out 

Am' 2 mo c 

by Richardson in 1908, it was also experimentally verified by Einstein 
and deHaas. But the later more accurate experiments showed that 

the result observed was only | = —- • 

I Am moC 

This result could not be explained classically, but is now 
explained by Heisenberg assuming that it is the orientation ol 
the electron spin that is responsible for the ferromagnetism. Before 
proceeding further let us consider a fruitful hypothesis due to Weiss 
(1907). Weiss assumed that the effective magnetic field consists of 
two parts, the applied field H plus an inner field, which is propor¬ 
tional to the magnetic polarisation J per unit volume. Thus the 
effective field H’ = H + aj where a is a numerical constant. More¬ 
over he assumed, as did Langevin in his theory of paramagnetism, 
the existence of a spontaneous magnetic moment i.e. 

same as Langevin. But as it has been lately proved that it is the 
electron spin that is re^xmsible for ferromagnetism, we may use 

instead ef Langevin’s J, J = n/to tagh vdiich gives the para- 

kT 

magnetic moment of a not d^^erate electrcm gas due to spin. (Hoe 
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although we do not deviate very much from the original hypothesis 
of Weiss—^he had made no assumpticsis as to the nature of the inner 
field—^we have an advantage, namely that here we are diealing with 
an equati(xi that is ccmsistent with Nemst’s theory). i'hus we assume 

after Weiss J = n pio tagh (la) 

H'*H + aJ (lb) 

Let us consider this equation graphically by introducing dimensionless 

quantities y= ^ = = 

^ nito' kT’ " kT 

This gives y == tagh x ( 2 a) foi (la) 

y = T„ ' (x-Xo). ( 2 b) for (lb) 

n [i„ a 

The intersections of, these curves give the values of y for a definite 
Xo, that is the magnetisation J in an applied field H. For reasonably 
low temperatures even when H is vanishingly small, a definite polari- 
satiem J =J„ is always available. When H = 0 , Xo i=0 and the 
straight line (2b) goes through the origin. Now if the slope of (2b) 
is greater than the slope of the tangent to (2a) at x = 0 (i.e. I) 
the curves do not intersect and no ferromagnetism is available. This 

does not happen when J <1 or T < ? ^ 7 °-- = 0 , 

n }i o a k 

This is the explanation of Weiss for ferromagnetism as well as the 
Curie point. 

Now for iron the Curie point @ = 1040° K. True saturatim 
gives the molecular field Hm ~ 10’ gauss. When T <@ for a given 
value of H, i.e., x,„ the two curves intersect <xie another at three 
points or three values of J are admissible. It may be supposed that 
this corresponds to the hysterisis effect, but the hysterisis rifect is 
only observed for pdycrystalline impure substances, and to observe 
this, fields of a few hundreds of gauss are quite sufficient, while the 
mcdecular field Hm is Hm~ 10’ gauss. We must assume that it is 
the greatest value of J in the same direction as the field which is 
stable and physically realised, while the other values are unstable and 
could not be observed. If the fidd changes its direcetion, i.e., x, 
changes its sign, the other'values of J are stable. The experiments 
with single crystals show that the time lag of J is octraordinarily 
small and could not upto now be determined. 

To consider the variation of Jo with temperature, we put x, = 0 
and vary the sk^ of (2bi, Small values of T or low temperatures 
give small values of the slope, and corre^xmdingly large values of 
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J„, Jo = n /t. is the largest value of J possiWe corre^xjoding to the 
true magnetisation in whidi all the elementary magnets are parallel, 

— 2 0/T 

In the neighbourhood of T = 0, J*« n /i„ (1—2e ) 


with increasing temperature Jo increases moootonically and reaches 
for T = 0 the value zero as demanded by experiments. In the 


neighbourhood of the Curie point J„ ~ n/t„ 



above the Curie point Jo = 0 and satisfies the paramagnetic relation 


J = xH where x= "^ 


k(T-0) 


according to the law of Curie and 


Weiss. 


So qualitatively the theory of Weiss, as improved with the sub¬ 
stitution of the spin contribution, is a success, but still there are some 
difficulties. 


Electronaustausch (Exchange) 

To consider the ferromagnetism of metals we assume, after the 
molecular model of Heitler and London, that the nuclei are at rest 
at the lattice points, and the electrons in the completed shells need 
to be considered only so far as they screen the nuclear field. Thus 
we have to consider cmly the valence electrons. We further assume 
that every atom in the ground state has one electron, this is in the S 
state, with spherical eigenfunctions, and the orbital impulse zero. We 
are justified in assuming this as the experiment of Einstein and 
de-Hass shows that it does not play an important part. Moreover 
we consider only the electrical forces and neglect the comparatively 
smaller magnetic forces. In the Weiss theory we considered the mag¬ 
netic forces only. 

Let us consider the eigenfunction of a single unperturbed atom, 
its middle point given by a vector f with components f, fg fg. If 
any point of the lattice is taken as the origin and a b c are primary 
translations, its position is given by = af^ -f bfz + cf^. As we have 
neglected the magnetic interaction, we can write its eigenfunction 
as the product of (x y z) a function of the coordinates alone and 
Uf(C) a function of the spin which will be zero or one. Thus we 
get for the eigenfunctions which belong to the same eigen value 

=<#>f Ufa and Ufg. 

Thus if there are N atoms in the lattice the system would be 2*^ times 
degenagfc, Heisenberg obtained the same value for J, as Weiss given 
abov^HfcljlSi^K that ^11 the energy values of a term system S are 
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the same as the average energy, this assumption is virtually the same 
as that^ of a mdecular hdd and is strictly correct for T > >©, the 
exact solution being not possible. We get for the constant of the 

molecular field a = ^ ^ 

8 n iJio^ 

I is the austausch (exchange) integral and gives the probability 
of the electrrm exchange for two atoms say f and f' 

Iff = | / <^f (1) <^•(2) <lH (2) <Af (1) (1^* + Vf (1) + V, (2) + Vf 
(1) + + Vf (2) ) dx, dxs 

is the distance between the electrons 1 and 2. Vt and Vf* are the 
screened atomic fields; only for the neighbouring atoms, this plays 
an important roll, and otherwise I = O. «, the number of atoms per 
unit volume. Z is the number of neighbours. 

I = Sk 0 which should be positive for ferromagnetic substanc- 
Z 

cs (crystals) for which 0 the Curie temperature is positive. For 
iron I ^ 14 X 10“^’ ergs -- 0*1 e. volts. Whereas I is n^ative 
for Hg molecules. This lead's us to believe that the ferromagnetism 
should be ascribed to the quantum mechanical exchange forces. 

Concluding we may remark that when a magnetic field acts on 
electrons, they try to arrange themselves so that the spins are parallel 
to the field for then the energy is less as when the spins are antiparal¬ 
lel. The spins in atoms forming molecules or a crystal can be paral¬ 
lel only when the austauschintegral is positive. In the case of ferro¬ 
magnetism we are concerned only with the spins of the electrons in 
the uncompleted shells. The electrons in the completed shells, al¬ 
though they can change place with otha: atoms, cannont contribute as 
their spins are already saturated and cannot change the direction. 

The conditions for 1 positive are : 

1 . The existence of an uncompleted ^ell with a large ^imuthal 

quantum number. , 

2. The radius of this shell is small as compared with the lattice 
spacing. The absolute value of I is proportional to the 
Curie temperature. 

N^ative I oorre^xxKls to small total spin as these states are 
numerous they are certainly realised, the magnetic moment is small 
and we g^ Dia- or paramagnetism. 


II—V 
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Our picture of the fenxHnagnetic simile crystal is like this : We 
assume that there exist in the crystal elongated elemaitary portions 
each with a definite ^in direction. The size of these portions de¬ 
pends on the temperature, it cannot be accurately estimated but may 
be about 200 atoms. These prutions are of course different from pdy- 
crystals observed in normal metals. In an external magnetic field, 
those portions whose spin direction is the same as the external field 
increase their size at the e}q)ense of ofiiers. The energy required for 
this is very small and already by fairly small fields are almost all the 
portions parallel to the magnetic axis of the crystal. If this axis does 
not coincide with the directicm of the external field, increasing the field 
tends to rotate it till both are in the same direction. And' lastly any 
further increase in the fidd make the dectron spins, paralld (this is 
the true magnetisation.) At ordinary temperatures this can happen 
for extremdy large fidds. It is only in the nei^bourhood of the 
Curie point that the true magnetisation plays an important part. 

Magnetic moments of the individual atoms of the ferromagnetic 
metals are by no means out of the common. Thus it may be seen that 
iron and its oongoiers are readily magnetisable, not because their 
at<Mns are extraordinarily magnetic—which is not at all the case— 
but because thdr atoms possess the curious propensity of cohering 
together in large groups, devdoped to an extraordinary dtegree. 

Our physical picture of magnetism is as follows 

The agents of orientation render a body paramagnetic or ferro¬ 
magnetic, whereas the precession raiders it diamagnetic, and as a result 
a body can be paramagnetic and diamagnetic or fenomagnetic and 
diamagnetic at one and the same time. 


[Received 17th June, 1937,] 



THE CHEMICAL CONSTITUTION OF THE SEX 
HORMONES-A SURVEY OF RECENT WORK 

By 

D. D. KARVfi, M.St, Ph.D. 

Ferg/usson College, Poona. 

The reoetit work on the determination of the chemical constitu¬ 
tion of the hormones of the see glands has been the result 
of the close co-operation of the three allied sciences of biology, 
chemistry and physiology. The sex-honncxies present in the organ¬ 
isms of the vertebrates including man, have the function of bring¬ 
ing about the development of the particular sex, which has been 
fixed by the number of chromosomes in the odls. Thus it is these 
substances secreted by the sex glands of the animals, which not 
only enable the animal to perform its proper functiems in the pre¬ 
servation of its race, but also cause the development of the so-called 
secondary sex-diaracteristics. 

Investigators like Butenandt, Ruzicka, Westphal and others have 
now established, that there are only three types of sec hormcmes 
with substantially different action, which are secreted by the sex- 
glands of the vertebiates -two by females and one males. Out 
of the fornter, one called the follicle hormone, is secreted by the 
ovaries and the other, called the hormone of the corpus luteum is 
secreted by the corpus luteum (yellow body). The male hormone 
is secreted by the testicles. Butenandt has suggested the name bto- 
catalysers to these hormonic secretiems. 

It was only during the last 10 years or so, that the individual 
hormones have been more exactly defined in their acticxi and this 
property utilised in examining the purity or otherwise of the chemi¬ 
cally fractionated samples. 

All the three above mentioned hormones have been isdated 
from the starting material obtained frc»n the reflective glands in 
the bodies of animals and their diemical constitution determined 
with a fair amount of certainty. The fdllide h<»mone, Oestrone, which 
has an empirical formula C 18 H 22 O 2 was isolated by Doisy and Bute¬ 
nandt from the urine of pr^nant wotaed in 1929. The male hor¬ 
mone, Androsterone, with an empirical formula C^HgoOz, was isedatod 
from urine of men by Butenandt and Tscheming in 1931t" F|||||||||, 
the hormmie of corpus luteum, CggHgoO,, later called I^gesterone, 
was obtained in the pure conditiem by Butenandt and Westphal, by 
Slotta and Fels and by Allen and Wintersteiner practically sinmlta- 
neously in 1934 using the ovaries of pigs as starting material. At 
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the oonoentration of these hormones in the starting material is very 
small the isolation of say 0*1 gm. of these substances meant the 
use of between 30,000 to 100,000 grams of the raw material. Out 
of these three hormones, progesterone is present in comparatively 
larger quantities, although the starting material is more difficult to 
procure in sufficiently large amounts, and further, the isolated mate* 
rial is more sensitive and unstable. The isolation of these ini¬ 
tially unknown substances, could only be adiieved by continued p^y- 
sidogical experimentation (animal experiments,) just as the accu* 
mulation of a radioactive element in a particular sample of material 
is tested after each operation by electroscopic and other tests. 

The first thing that struck the investigators in this field was 
the similarity in the chemical constitution of these three substances, 
a fact which was already indicated by the similarity of the em¬ 
pirical formulae. The cyclo-pentane-perhydro-phenanthrene system 
shown below appears to be the parent skeleton from which all these 
sex-hormones are derived : 



The fundamentally different actions ot these hormones appear 
to be due to minor changes in the side-chains and double linkages 
in the above fundamental four-ring system. The sterines and ste¬ 
rols, substances long known to contain this particular four-ring system 
are thus closely related to the three sex-hormones. The formula below 
shows the structure of cholesterine for purposes of comparison. 
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The sterines are a primary constituent of almost all animal 
and v^setable cells and are in the position of parent substances of 
many physiologically important compounds. The best known sterine 
is the one shown above, the structure of which has now been duci> 
dated by the investigations of Windaus, Wieland, Diels, Rosenheim 
and others. It may also be mentioned in passing, that vitamin 
D (irradiated ergosterol) is another compound having the same 
ring system and is thus closely related to the sex-hormones. 

The fdlicle hormone was the first to be thoroughly investiga¬ 
ted. It is secreted by the ovaries of the female and gets continual¬ 
ly mixed with the blood-stream. It is this hormone, which, in the 
human female, causes the sex organs, specially the vagina and the 
uterus, to develop and also brings about the development of the 
seccmdary sex characters, e. g., breasts, female body form, etc. It 
appears to be the function of this hormone to prepare the uterus 
for the eventual reception pf the fertilised ovum, to fit the body 
for the actual process of the birth of the child and for its feeding. 

The substance Oestrone, CjaHggOg, which was first prepared 
in the pure condition in 1929, when used in animal experiments, is 
able to produce all the reactions in the female, which the extract 
of the ovaries containing the original hormone can produce. It can 
thus be called, with some justification, the pure crystalline form of 
the follicle hormone. Shortly after the isolation of oestrone, Marrian^ 
prepared, in 1930, from the urine of pr^nant women, a substance, 
oestriol, which was chemically different from oestrone, but was quali¬ 
tatively identical with it in its physiological action on the female 
animal. The work of Girard and Doisy has shown, that besides 
these two, there are other substances which can also bring about 
the same physiological actions, although they are chemically quite 
different compounds. It is thus clear, that the follicle hormone can 
be represehted by a group of substances, which, on the basis of 
their physiological action, could all be designated as the pure cry¬ 
stalline forms of the hormone of the follicle. Of course the quan¬ 
tities of these compounds necessary to bring about the same physio¬ 
logical action are different. All these compounds are grouped together 
under the name of the oestrone group. Table I gives the names 
etc., of the five most important compounds of this group. (The 
activity of these compounds is generally measured in some arbitrary 
units, generally the quantity, dissolved in a fixed quantity of a sol¬ 
vent, sufficient to produce a certain definite reaction in an animal, 


1. Lancet, 1935 , 074. 
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unudly a tnousa or a guinea pig. In the case of the oestrone groupi 
the unit used is the mouse-unit, being that quantity, wfaidi, when 
injected in the fonn of a solution in 0*1 ccm. of sesame oil into 
a castrated mouse, brings about the appearance of full rut.) 


Table I. 


Name 

Formula 

Isolated from 

Relative activity 


1 

1 

r Ovaries 


Oestrone 


J Palm kernel 
Mares' urine 

0-1 



r Ovaries 


Oestradiol 

^ 18 ^ 4^2 

t. Mares* urine 

0*05 



r Placenta 


Oestriol 

^ 18 ^ 34^3 

J Pregnant women's 
t urine 

10 

Equiline 

^ 18 ^ 30^2 

Mares' urme 

0*8 (’) 

Equilenine 


do do 

2 (>) 


N, B, The numbers in column 4 show that oetsradiol, of ^ich 
the smallest quantity is necessary to produce the rut in the castrated rat, 
IS the most powerful compound in this group 

Our ideas about the specific action of hormones have neces¬ 
sarily been considerably modified by the above discoveries and it 
may be said, that the acticm of all these compounds is due to their 
general chemical nature and that minor changes in the substituents or 
the positions of double linkages only affect the activity. The ques¬ 
tion whether the body manufactures all these compounds as primary 
products of the glands or whether only the most reactive compound 
IS manufactured by the body and the others are then produced by its 
transformation and modification, can only be answered by further 
work. 

The chemical constitutions of the above five substances are 
given bdow : 
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It will be seen that the four-ring system is common to all these 
substances. I shall not go into the details regarding the analytical 
and synthetical methods used in the determination of the constitu¬ 
tions of these substances. Suffice it to say» that oestrid can be 
transformed into 1-2-dimethyl-phenanthrene by fusion with alkali 
and subsequent action of selenium and distillation with zinc dust. 
Cook^ has further ^own, that oestrone can be decomposed to 7- 
methoxy-l-2-cyclopentehophenanthrene, which has been synthesized 
in the laboratory. 

The testicle hormone can be r^arded as the antipode of the 
follicle hormone, as it causes the specihcaily male characteristics to 
develop, e.g. the horns of a stag, the comb of a cock or the mousta¬ 
ches of a man. The activity of the testicle hormone is measured 
by the Cock-unit, which is the quantity of hormone, dissolved in 0-5 
ccm. of sesame oil and injected into a cock causes an increase of 20 
per cent in the size of its comb. This hormone, like that of the follicle, 
is continually fed on to the blood stream. 

Similar to the follicle hormone group, the testicle hormone is 
also represented by a number of chemically distinct compounds called 
the androsterone group. Four important compounds isolated from 
natural sources and belonging to this group, have so far been isolated. 
Their names, formula, etc., are given below : 


Table II. 


Name. 

Empirical 

formula 

Source. | 

Quantity necessary 

1 to show an activity 

1 of 1 cock unit. 

! 

Androsterone 


men’s urine 

200y 

Dehydro-androsterone 

^19^28^2 

»> »» ' 

6(X)y 

Androstandione 

^39^28^2 

Testicles , 

250y 

Testosterone 

^19^28^2 

»> 1 

30y 


In order to give an idea of the very low concentration of andno- 
sterone and dehydro-androsterone present in men's urine, it is only 
necessary to say, that about 20 mg. of the two compounds are obtained 
from about 100 litres of urine. 

The last two compounds have only recently been isolated, an- 
drostandione by Ogata and Hirano* and testosterone by Laqueur^ 


1. Nature, 133, 377. 

2 /. Pharm, Soc, fop. 54, 11. 

3 Hoppe-Seyler$ Z., 233, 281, 
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from the extract of testides, where they are present in extrondy 
small quantities. 

Qualitativdy all these compounds are very similar^to each other 
in their {Cynological action, but quantitativdy they vary consider¬ 
ably, depending uixm the {>articular animal chosen aixl the {>articular 
test enqdoyed. Even the sdvent seems to be of great im{x»tanoe in 
determining the activity of the individual substances and Miescher* 
has shown, that different fatty adds raise or lower the activity of the 
monbers of the androstoone group. 

The chemical constitution of these four substances is given below : 





/W 

lO H 

1 ANDROSTERONE 



1.0 EHYOR OANO ROSTEROME 




Aty 

3. ANDROSTANDIONE 



4 testosterone 


1. Schweiz, med. Wochentchr., 1936, 310. 
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It is remaricaUe, that even thout^ the oestrone pup and the 
andnatenne pup ate idiysidogically so entirely different in thw 
action, the same four ring system is cnnmon to them and that chemi¬ 
cally the tvo groups are closely related to each other. In fact, it 
has been shown by Sdneller and his co-woricets' that the reduction 
of oestrone results in the addition of 8 hydrogen atoms and the octa- 
hydrooestrone so obtained has, qualitatively, the same physio¬ 
logical action as androsterone. Thus the typically female hormone 
can, by means of the simple action of a redudng agent, be transform¬ 
ed into »typically male hormone! Butenandt has suggested, that 
these hormones are formed in the body by the oxidation of the side 
chain in the sterine mdecule. Ruzicka^ has gone a step further and 
actually obtained androsterone synthetically from epi-dihydro-dlol^ 
sterine by oxidisiog it with chromic add anhydride; 



A/V /vy 

HO HO ^ 

EPI-OlHYDRO-CHOLESTERiNE ANDROSTERONE 


Shortly afterwards, Schoeller, Serini^ and others as also Ruzicka. 
Oppenauer, Femhold and Butenandt* succeeded in getting dehydro- 
androsterone from cholesterine by a similar reaction. 

The discovery of testosterone is due to the fact, that testicle 
extract was found to be considerably more active in causing the 


1 . N(UHms$,2lM. 

2. Helv. Ckm. Acta, 17, 1395. 

3. iVoturwiss, 23, 337. 

4. Natunm, 24, 535, 
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growth of veMcular glands of infantile rats than even pure androete- 
rone. This led to the surmise that the extract contained some other 
more active hormone and in June 1935, Laqueuri ^amiounced the 
isolation of testosterone. Som afterwards Hanisch’ and Wettstein* 
ind^iendently succeeded in synthesizing this substance and proving 
its ocnistitution as shown above. Its synthesis from and resterone 
would justify the name androstendme to the same and it is th^efore 
also fairly easily obtainable from ctolesterine. 

We now come to the consideration of the third type of sex hor¬ 
mone, the honiKme of the corpus luteum. It is specific in its physio¬ 
logical action and is dissimilar to the two types already described 
above. The corpus luteum is normally present in the ovaries of the 
woman (xily in the second half of the menstrual cyde and the hor¬ 
mone secreted by it is thus present when the quantity of the follide 
homxxie has diminished to a considerable extent. The function of 
this hormone seems to be fit the uterus for eventual pregnancy. 
If the discharged ovum is fertilised, the corpus luteum remains intact 
and a further quantity of the hormone secreted by it is formed in the 
placenta, which then appears td take up the function of maintaining 
the pregnancy, keeping the uterus at rest and preparing the breast 
glands for lactaticm. 

As a test for this hormone is used the transformation of the 
mucous membrane of the uterus of a guinea pig. The isolation of 
the hormone of corpus luteum was successfully accomplished by 
Butenandt, Westphal and Hohlweg,^ by Slotta and Pels,'’ by Allen 
and Wintersteinei^ and by Hartman and Wettstein' indQ>endently 
of eadi other and more or less simultaneously in 1934. From 100 Kg. 
of pigs’ ovaries about 50 mg. of the pure homumey called progester¬ 
one, could be prepared. 

In ccxitrast to the oestrone and androsterone groups, progestereme 
is the only representative of this class, although it has been shown to 
exist in two crystalline modificaticHis, one melting at 121° and the 
other at 128°. 


1. Loc, at. 

2. Ber, dtsch. ehem. Ges., 6S, 1859. 

3. Hdv. Ckim. Acta. 18. 1264. 

4. Hoppe-Seylas Z.. 237. 84. 

5. Ba. dtsch. chem. Ges.. 67. 1270, 1624. 

6. Joum. Biol. Chem.. '207, 321. 

7. HAv, Chim. Acta., 17, 878. 
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ProgeBterone is a umide unsatuiated tetracsrlic diketone of the 
formula CsxHmOj. Its structure is rq>re8ented as fellows: 


CHj 


CokO 



It will therefore be seen, that all these three groups of hormones, 
with more ot less entirely different i^ysidogical actirai, are derived 
from the same four ring system, the differraice in action bdng due 
only to the chemical nature of the substituents and their position in 
the molecule. 

In addition to the above naturally occurring hormones, the chemi¬ 
cal constitution of which has been accuratdy established, a large num¬ 
ber of derivatives of these have been prepared in the laboratory and 
it has been observed, that physiological action persists in a great 
majority of these compounds. Curiously enough, a number of hy- 
drocarbone, e.g., 1:2:5: 6-dibenzanthracene, which are very similar 
in their diemkal constitution to the oestreme group, are also known 
to cause cancer in mice. We thus see that i^yskdogical growth 
{dienomena and irregular growth of cells are closely rdated to each 
other and it is difficult to predict where new woik in this field will 
lead us. 

In the case of androsterone, the physiological action is much 
noore directly dependent on the chemical constitution and it may 
even hai^ien, that out of two stereoisomeric modifications, one has a 
specific hi>nnone action while the other is inactive. In the case of 
progesterone also, the dig^test diange in the mc^ecule destroys all 
specific action. 
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CHEMISTRY OF CHLORAL AND CHLORAL HYDRATE 

By 


N. W. HIRWE 

Royal Institute of Science, Bombay. 

Qiloral was first prepared by Liebig (Anncim. 1. 189) by con¬ 
tinuous chlorination of alcdiol. Dumas (Amt. Ckitn. Phys. 56.2. 
125) and Stadder {Amudm. 61. 101) studied its composition. Qilo- 
ral, as tridiloro-acetalddiyde, dibuld have been obtained by the Chlo- 
tinatioo of acetaldehyde, but butyl-diloral, instead, is the product, 
unless water and calcium carbonate are used to neutralise the hydro¬ 
gen chloride that is produced : A. Pinner (Ber. 4. 256). 

Qiloral is manufactured on a large scale from diknine and 
alcohol The process is divided into two stages : (1) the preparation 
of chloral alcoholate and (2) its conversion into diloral. Qilorine 
is passed into dehydrated alcdiol with crystalline ferric diloride 
as a catalyst (Page. Amalen. 1884. 225. 209) keeping the reaction- 
mixture cooled at first, which is then heated to 60° and further to 
100° until it becomes soluble in water. The .reaction is vigorous at 
first and then slows down. On coding, a white mass of diloral alcoho¬ 
late is obtained. This alcohdate, when decomposed with sulphuric 
add, gives diloral, vdiidi is then purified by ledistillation. Qiloral, 
which is a liquid, is then added to a theoretically calculated quantity 
of water and the product of the reaction, when poured over a 
smooth surface, solidifies. This solid is diloral hydrate. A latest 
method for the manufacture of chloral has been described by 
P. Durocher (La. Nature. 1926. 54. (1) 81-83.) 

The importance of chloral and its derivatives is twofdd : (1) 
their i^ysidogical properties and (2) the wide range of their diemi- 
cal reactivity. 

The investigation of its diysidogical properties was first under¬ 
taken by O. liebrkh (Ber. 2. 269), and for a Icmg time, there was 
contiDveisy as to how it acted in the system. Liebrich was of opinkm 
that it reacted in the system after having decomposed into diloroform. 
This opinion has been systematically opposed by many amoQgst 
whcnn are A. Tomaszewiez (Pfbtger’s Archiev, fur physiologie. ix 
35-43) and A- Hast (Zeit, Pkysiolo^, Chem. 11, 277-285). 
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Chloral has been also found to be a hypnotic and an antipyretic. 
(E. Harnack and J. Raroertz. Chem. Centr. 1893. I. 841-842). 
Its action on heart has been studied 1^ E. Rhode {Chem. Centt. 
1905. 2. 1544). 

Amongst various other compounds of chloral, found useful phy- 
nd.ogicaUy, those that are obtained by the cmdensation of chloral 
with add amides diow ^)ecial interest. Of the chloralanudes, chloral 
formamide has been investigated and has been found to be superior 
to chloral or to chloral hydrate as a hypnotic and is of most value 
in cases of nervous insomnia and similar disorders (Hagner and 
Hubner, Wmer. tned. Presse. 1899, 1361). It has no corroding 
action, does not affect digestion, nor disturbs the heart. {Merck's 
Butt. 1899, 85). 

Turning to its chemical importance, the vast range of compounds 
obtained in the literature suggests that chloral is almost universally 
reactive. It reacts with «hydrocarb(»s, phenols, alcohols, adds, 
various bases, as also with reagmts like hydrogen suli^de, halogens, 
pho^orus halides, add dilorides, sulphuric add, cyanides and 
cyanates, and oxidising agents. Its various reactions can be classified 


as fdlows 

(1) 

Condoisation with 

hydrocarlxxis. 

(2) 

If 

If 

aloohds. 

(3) 

If 

If 

alddiydes. 

(4) 

If 

If 

ketones. 

(5) 

If 

If 

carbohydrates. 

(6) 

If 

If 

phenols. 

(7) 

If 

If 

bases. 

(8) 

If 

If 

adds. 

(9) 

If 

If 

amido compounds. 

(10) 

Kfiscellaneoua 

reactiiiofia 


(1) Condensation with Hydrocarbons. 

Hydrocartxms like benzene, toluene, and x^ene condense with 
diloral, either alone or in the presence of condensing agents such as 
sulphuric add, aluminium chloride etc., and give different products. 
Thus benzene and chloral gave diidienyl tridiloroethane l (CcHglg 
CHCCl, (A. Bayer, Ber. 1872 . 5t 1089; 1873 . 6 . 220; 
G. Gddadimidt. ibid. 6. 985). O. Zddler {Ber. 1874. 7. 1180) 
oondflBsed bromo and chlorobenzenieB with chloral in the presence 
of sulphuric add and obtained the product similar to above: 
(CtH^CDjCHCQs. These compounds when treated with boiling 
whyhdk potash lose hydrogen chloride and are turned to (C«Hb) 2 C— 
od,. (G. Goldschmidt toe. eft. ; O. Zekto. toe. cit.). The 
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con^XMiids kkf^ical with those described above have also been 
obtained with aluminium chloride as a catalyst by Maik Van Laer 
(BtM. Chim. Bdg. 1919. 28. 346-350). Harris and Frankforter 
(/. Am. Chem. Soc. 1926. 48. 3144) say that the condensation of 
the halogen substituted aldehydes with hydrocarbons gives quanti¬ 
tative results. 

With aluminium chlrnide as a condensing agent, chloral hydro¬ 
carbons have been obtained, where one mcdecule of diloral has con¬ 
densed with one molecule of hydrocarbon. Thus with benzene, 
Phoiyl-trichloro-methyl-carbinol; with toluene, p-tolyl-trichloro- 
meth^ carbind; with xylene, p-xylyl-trichloro-methyl carbinol have 
been obtained by A. Dinesmann (Compt. rend. 1905, 141, 201-203). 
Qiattaway and Muir (/. 1934 . 701) condensed benzene with chlwal 
hydrate in presence of cone, sulphuric add and obtained j8-tridiloro- 
a-phenyl-ethyl-carbinol. When carbon disusphide was used as a 
medium in the above experiment, tetraphenyl-ethane, diphenyl dichlo- 
rcethane triphenyl-vinyl-alochd and some other hydrocarbons were 
obtained. (H. Biltz Ber. 26, 1952). Dinaphthyl-trichlor-ethane 
(CioH7 )2CH'(X1, was obtained by Grabowsld (Ber. 6, 224-225) 
fr(»n chloral and naphthalene in sulphuric add. These trichlor-ethane- 
compounds of Hydrocarbons (RgCH • CClg) change to dichlor-ethy- 
lene compounds (RgC: CClj) on boiling with alcdiolic potash 
(Grabowski & Beyer, loc. cit.) 


(2) Grndensation with Alcohols. 

Qiloral cemdenses normally with alcdiols to give the alodiolates 


of the type : ccij-CM 


\ 


OH 


OR 


Chloral and absolute alccfiol give chloral ethylate (Martius and Men- 
delsdm. Ber. 3, 444) ; Enulle Gallenti (Gazetta 1901. 31, 86-92) and 
Victoria (Chem. Soc. Abst. 1905. 110) obtained chlorol propylate 
and chloral isqpropylate from propyl and isopropyl alcohd reqrec- 
tivdy; chloral and amyl alcohol give chloral amylate (Gadamer. 
Arch Pharm. 243, 30; Kelle & Co., D. Rj P. 115251; Chim. Zentr. 
1900. 2. 1141) A. Oglialoro (Gaz. Chim. 1874. 463) obtained chloral 


'OH 


allylate 

\0c3H5 

from aUyl alcohol. De Foreranda (Comp. rend. 108, 618-620) 
obtained chloral (^ycdlate and chloral {dyoeroiate frtxn gjy- 
obl and idycerol respecUvdy. IkWdrum and Vad (/. Ind. Chem. Soc. 
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1936. 13. 118) also studied the condensation of chloral with £^y- 
cercri, when with one molecule th^ obtained 


cHa,0' 


I 

pH-O — 
CHa.OH 

and with two molecules. 


; CH-ccij 


CH,.O.CHOH,(Xl8 

I 

CH.O.CHOH.CCls 

1 

CH2OH 

Some more alcoholates were studied by Jacobson (Am. Ch, 
Pharm. 157, 243.) and by Kuntze {Arch. Pharm. 246, 91). Chlo¬ 
ral bomeolate has been obtained by Haller {Comp. rend. 112, 143), 
also mentholate and terpinolate by Wagnitz (Eng. Pat. 19193 ; /. C. 
S. Ind. 1899 . 856) and by Schmidt {Comp. rend. soc. Biol. 1890. 
678). These chloral alcoholates are not the molecular compounds 
but real ones, is shown by L. Henry {Ber. 1871. 101) who reacted 
chloral ethylate with phosphorous pentachloride and obtained 


9-C1H5. 


XH 


CCt,^ 


Cl 


It is interesting to note that aliphatic alcohols react with chloral 
while aromatic do not. 


(3) Condensation with Aldehydes. 

With aldehydes, an aldol type of condensation takes place. Thus 
from chloral and paraldehyde, W. Koenigs {Ber. 25 . 792-802) 
obtained chloral aldol and from butyl chloral, i>araldehyde-butyl- 
chloral. A. Pinner {Ber. 1898. 31, 1926) condensed formaldehyde 
with diloral in the presence of sulphuric acid and obtained hexa- 
chloro-dimethyl tetroxan : 




CH-CClj 


(4) Condensation with Ketones. 

Chloral acetone: CQg* CH(OH). CH^ CCX^Hs is obtained 
condensing chloral with acetone in acetic acid,^ and chloral 

II—X 
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aoetof^enone: CXl,.CH(OH)CH,.CO.CeH 5 from acetophenone, 
(W. Koenig, loc. cit. ; Gigji. G<n- cHm. itd. 28. 2 . 83 ; Wisiicenus, 
Kircheisen, and Sattler. Ber. 1893, 908). Aoetylac^cHie chloral, 
benzoylacetone chloral, sfnd benzoyl acetoneoxime chloral have also 
been obtained by Gigli (loc. ctt.) 

(5) Condensation with Carbohydrates. 

A study of the reaction of chloral on glucose (A. Heffter, Ber. 
22. 1050-1051) and that on cellulose, starch and glucose (Ross and 
Payne. /. Am. Chem. Soc. 1923 . 45 . 2363-2366) has revealed 
that glucose gives two isomeric chloraloses of the formula CgHijOeClg. 
Hanriot condensed chloral in presence of hydrodiloric acid, with 
arabinose and xylose (Comp. rend. 1895, 120. 153-55), galactose 
and levulose (ibid. 1896. 122 . 2127) to respective chloraloses. 
Arabinobromdose (Am. Chim. Phys. 1901. 8. 18 . 466) was also 
obtained by him. Chloralic acid is obtained by oxidation of a Chlo- 
ralose. Cdlulose and stardi do not give the corresponding chloral 
derivatives, but didiloral glucoses which are also obtained from chloral 
and glucose (Ross and Payne, loc. cit.). 

Hanriot and his associates have studied chloral derivatives of 
various carbohydrates (Hanriot & Richet, Compt. Rend., 1892, 116, 
63 ; 1893, 117, 734; 1896, 122, 1127 ; Bull, soc., chim. 1893, 9 (3), 
947 ; 1894, 11 (3), 37, 258, 303. Hanriot; Ann., chtm., Phys., 1909, 
18, 466. Hanriot & Kling, Compt. Rend. 1911, 152, 1398, 1596 ; 
1913, 156, 1380. Meunier, Ann. chim. Phys. 1906, 22(6), 413. Petit 
& Polcmawski, Bull. soc. chim. 1894, 11(3), 125 ; Pietet & Richel, 
HHv. chim. Acata, 1923, 6, 621). 

Hanriot, Polcmwa^i and Pietet and Richel have assigned sepa¬ 
rate structures to jS-glucochloralose. Since this compound condenses 
further, according to Coles, Good Hue, Hixon and White, (/. Am. 
Chem. Soc., 1929, 51, 519 ; 1930, 52, 3191) none of these formulae 
is satisfactory. 


(6) Condensation with Phenols. 

Chloral goierally condoises with phenols in the nucleus, either 
one molecule, or two. It also condenses with the-OH group. In the 
nucleus, chloral condenses with {^enols to give tridiloro-methyl- 
carlmol derivatives. Anhydrous potassium carbonate has been used 
as a condensing agent. Thus Pauly and Hmridi Schanz (Ber. 56.B. 
979-98p) obtained p-hydroxy-i^enyltrichloro-methyl-cariMiKd; 3- 
meithoxy-4-hydroixy-i4ienyl-trichloio-methyl-caibinoi and 2:3 or 
3:4-dihydioxy-cdienyl-trid)loto-methyl carbim^ 
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Mazzara {Gazietta, 13 . 269-272) condensed p-cresol and thymol 
with dilcnal and obtained p-ciesd-chloral: 


CH 

Oh 


ch(oh)cci 


9 


and thymol-chloral : 


respectively. 


CHs 

OH 



XH(pH)CCl3 


Condensation of chloral with resorcinol has been studied by 
Causse (/. C. S. 1886. 1020; Comp. rend. 103 347-350) and by 
Hewitt and Pope (Chem. Soc. Trans. 1896. 1265; 1897-1084). 

Condensation of phenol and thymol with chloral has been studied 
by Meer (Ber. 7. 1200-1203) in the presence of sulphuric add and 
acetic acid. The condensation is nuclear and of the type CCls- CH. 
(C«H.0H)2. Hinsberg (D. R. P. 332678; Chem. Zerdra. 1921, ii, 
648) has condensed chloral with p-acetyl-amino-jAenol with the result 
that he obtained a compound : CClj. CH(OH). O. C,H«. NH. Ac. 
It decomposes on sudden heating and gives out chloral vapours; 
yidds chloral when boiled with water. It is mort energetic soporific 
than chloral. Chattaway and collaborators (/. C. S. 1926. 2720; 
1928. 1088 . 2913) have still further condensed chloral in such a 
way that one molecule of chloral OMidenses in the nucleus in ortho¬ 
position to -OH, while the other with -OH group, with a further 
formation of an anhydro structure of the type : 



Tlius Chattaway and Morris {Coc. 1927 . 2013-2017) nhtainpH 
anhydro-2- jS-trichloro- a-hydrozyethoxy-l- jS-tridiloro- o-hydroxy- 
ethyl-benzene-S-suIiAonic acid, by treating phend dissolved in 
cold sulphuric add, with chlotal hydrate; and anhydro-5-nttn>-2- 
)?-trichloro- o-hydroxy-eth<»y-l- j9-trichloto a-hydnwy-ethyl-benzene; 
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m 

from p-iutrophead. 



Chattaway and Calvet (Annals. Hiis. Quim. 1928 . 26 . 75-91) 
on condensing p-amino-phenol with chloral, obtained anhydro-5- 
amino-2- jS-trichloro- 4»-hydroxyethoxy-l- jS-trichloro- a-hydroxy-ethyl- 
benzene. 

p-Toluene azophend, 4-nitro-m-crseol, p-nitro-anisol and 
2 :6-didiloro-quinol have also been condensed by Chattaway and 
Calvet (loc. cit,). 

(7) Condensation with Bases. 

Chloral acts vidently with bases like aniline, toluidine (O. 
Wallach. Ber. 4. 668-669). The resulting compounds are basic in 
nature (Wallach. loc. cit.) and give hydrochlorides and chloro- 
platinates (D. Amato. Gaz. Chim. Haltana. 5. 461-467). With 
aniline, toluidine and xylidine, O. Wallach {Amden. 173 . 274- 
288) obtained compounds of the type : 

^NH.R 

CCI5-CH 

A similar compound has been obtained, with o-tduidine by 
Wheeler and Jordan (/. Am. Soc. 1908 . 30. 136-142). Wheeler 
with collaborators obtained the same type of compounds with brom- 
anilines, nitranilines and anisidines. With Miller (loc. cit.) he 
obtained tridiloro-ethylidine-di-p-bromaniline : CQ,. CH. (NH.C, 
H 4 Br)a, with Dickson (loc. cit.) trichloro-ethylidine-o-methoxy- 
phenyl-amine: CX)!,. CH(NH. CgH.. OMeig and trichloro-ethy- 
lidine-p-methoKy-phenyl-amine. With Jordan (loc. cit.) he obtained 
trichloro-ethylidine-di-m-brmnaniline. With Wdler (/. Am. Chem. 
Soc. 1902 . 24. 1063-1066) he obtained trichloro-ethylidine-di-(o, 
m, p)-nitranilines by heating the o, m, and p-nitramilines with chloral 
in benzene mIMAbii. With phenylene diamines, tdudines, and 
napthylamifl||^l|^pfxdd Righemer ,Ber. 1906. 39. 1653) obtained 
ooaapouwii type Ca,. CHOH. NH. R. NH,. By triturat- 
ir^ chlQIll IqMrate and sodium carbonate with hydroxylamine hydro- 



CHEMISTRY OF CHLORAL AND CHLORAL HYDRATE 


189 


ddoride, Hantzch {Ber, 25 . 701-705) obtained chloral-hydroxy- 
lamine. Amino-pyridine has also been condensed with diloral by 
Schmidt and Becker {Monat. 1926. 46. 675-678). With 2:4- 
dimethyl quindene, Spallino and Cucdiiaroni (Gazietta, 1912. 42. 
517-525) obtained condensation with the side alkyl group and the 
product was 4-methyl-2 trichloro-propenyl-quinoline: 

While Koenigs and Mengd (Ber. 1904 . 37. 1322-1337) obtain¬ 
ed a nuclear product namely diloral-2 :4-dimethyl quinoline; and 
chloral-2 : 4 :6-trimethyl piperidine from 2:4: 6-trimethyl 
piperidine. Antipyrine gives chloral antipyrine and dichloral anti- 
pyrine (Behai and Chody. Ann. Chim. Phys. 2766. 319-339). 

With substituted amines, Chloral condenses in the nucleus. Thus 
Bosseneck {Ber. 1885. 18. 1519; 1886. 19 . 365; 1887 . 20 . 3193; 
1888. 21. 782) condensed chloral with dimethylaniline, diethylani- 
line, monomethylaniline and monoethylaniline. Mddrum and 
Datar {Proc. Ind. Acad, Sci. 1935. 2 . 580) have also condensed 
substituted anilines with (diloral according to Bosseneck, with some 
modifications, with a view to study the reduction of CH(OH). CCI.t 
group. 

Chloral has also been condensed with methyl and ethyl o-toluidi- 
nes by Mddrum and Advani (/. /imf. Chem. Soc, 1933. 10. 107- 
110), thus getting p-()9-trichloro-a-hydroxyethyl)-methyl-o-toluidine 
and p- (^-trichloro-a-hyd>roxyethy!) -ethyl-o-toluidine. 

2 :4-dihalogen substituted phenylhydrazines react smoothly 
with chloral giving 2 :4-dihalogen substituted phenylhydrazones of 
the corresponding glyoxalates (Chattaway and Bennett. Soc. 1927, 
2850-2853). 

Weiss and Chledowski {Monatsh. 1935. 65. 357) obtained cyclic 
compounds from diamides and chlorals. Thus o-o’-diamino-diphenyl 
and chloral gave : 




CCI3-CH 






(8) Condensation with acids. 

Chloral acts on acids in various ways, a-hydroxy acids give 
chloralides of the general formula 



o 
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Itieae chkiralides have interested a number of woilcers. Stade-‘ 
ler (A. 1847, 61 101; 1858 106. 254; Wallach. ibid., 1878. 193, 1; 
Otto. ibid. 1888 . 239 . 262; K^<de, ibid. 1858. 105. 293; 
Grabousky. Ber. 1873 . 6 . 255. 1070; 1875 . 8. 1433; Schilf, 
ibid., 1898 . 31. 1898 ; Edeleanu and Zachaiia. Chem. Zentr. 1895. 
2. 212; Patterson and Macmillan J. C. S., 1921. 101. 794; Boese- 
ken, Proc. K. Akad. Wetensch Amsterdam, 1926, 35. 1084). Wallach 
(Lac. cit.) prepared-these diloralides by heating the reacting sub¬ 
stances in a sealed tube. The yields he obtained were thus not 
satisfactory. Meldrum & Bhatt (/. Bom. Uni., 1934, 3, 149) im¬ 
proved upcm Wallach’s method and obtained diloralides in good 
yields by carrying out the reaction with diloral hydrate at room 
temperature in the presence of sulphuric acid. Boesdcen {Proc. K. 
Akad. Wetensch. Amsterdam, 1927, 30. 55) and Yorstrai (Rec. Tiav. 
Chim, 1927, 46, 711) had used this method before. It works satis¬ 
factorily with aliphatic acids, (Yield abt. 80%), but not so with 
aromatic acids and fails with benzilic acid. Shah & Alimchandani 
later (/. Ind. Ckem. Soc., 1934, 11, 545) prepared chloralides ac¬ 
cording to Meldrum and Bhatt (loc. cit) with a view to study their 
reduction with zinc and acetic acid. According to them heating in 
a sealed tube (Wallach, loc. cit) is necessary for aromatic acids. 
O. Wallach has also mentioned a choralide of salycylic acid. 

CH-CClj 


O 

(Hoc. cit.) which he obtained in a very small quantity, but .Alim¬ 
chandani, Shah and Deo {Current Science, 1934, 3, 354) did not 
get any such chloralide, having tried under different conditions, and 
even with different substituents in the salicylic add nudeus (/. Ind. 
Chem. Soc., 1936, 13, 354). Shah and Alimchandani have also studied 
isomerism in chloralides {Current Science, 1934 2, 383) and their 
reduction with zinc and acetic add {Jour. Univ. Bombay, 1936, 5, 
132). 

Fittig and Miller {Amitden, 1889, 255, 43) obtained trichloro- 
methyl-paraoonic acid by omdensing diloral with sodium suodnate 
in acetic anhydride. Meldrum and Kotwal (/. Ind. Chem Soc., 
1936, 13, 213) obtained the same paraconic acid from diloral and 
succinic acid with a view to stt^jte reduction. Lately Cavet and 
Mejutd (/. Chem. Soc., 1936, !^|iP'«Midensed chloral with salicy¬ 
lic add, in the nudeus. Later they amverted the CH (OH) CI 3 group 
to CXX)H group. The oxidensation with methcncy benzoic acids was 
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Studied by Fritsch (Annalen, 1897, 296, 358; 1898, 301, 360), 
Mddrum {Soc., 1911, 99, 1712), Mollina and Bergellini {Atti, R, 
Accad. Lincei, 1912, 21 (2), 146) ; Mddrum and Alimchandani 
(Soc. 1920, 117, 964). Chattaway and Pratt (Soc.,4927, 685-692) 
condensed p-hydroxy benzoic acid with chloral and obtained anhydro 
4- carboxy-2- )8-trichloro- «-hydix)xyethoxy-l- )8-trichloro- a-hydroxy 
ethylbenzene. Chattaway and Calvet (Soc. 1928, 2913) condensed 
chloral with anisic acid and obtained a compound containing the 
group—CHOH.CCl^ or — —CHCl. CClj. Meldrum and Hurry 
(/. Ind. Chem. Soc., 1934, 11, 535) studied the condensations of 
methylethers of the isomeric hydroxy benzoic acids with chloral and 
obtained nuclear condensation compounds. Meldrum extended this 
research of his to various acids. Earlier with Alimchandani he had 
studied condensations with methylethers of gallic acid {loc. cit.) and 
with gallic acid and cresotic acids {Soc., 1921, 119, 201). It was conti¬ 
nued later by Alimchandani with Shah (/. Ind. C.S., 1931, 8, 261) who 
showed that(/. Ind. Chem. ):^oc., 1925. 2.1; 1929 6, 253), it is thea- 
coccinic acid and not the t coccinic acid (Schleussaer and Voswinckel, 
Ann, 1921, 422, 111) that is obtained through the condensation of 
chloral with m-cresotic acid. With (Miss) Katrak, he (/. Ind, Chem. 
Soc., 1932, 9, 121-125) studied the condensation of butyl chloral with 
gallic acid and three cresotic acids; and with Kapadia (/. Ind. 
Chem. Soc., 1932, 9, 483) the condensation of chloral with 2-hy- 
droxy-p-toluic acid and its methyl ether. An important synthesis 
of phenylacetic acid derivatives was achieved by Meldrum and 
Parikh {Proc. Ind, Acad. Sci., 1935, 1, 431-436) through the con¬ 
densation of chloral with gallic acid and its methyl derivatives. Credit 
of the synthesis of m-hemipinic acid is also due to the same authors. 
The synthesis of and t— coccinic acids and then of cochinilic 
acid by the condensation of chloral with 5-hydroxy-m-toluic acid 
Meldrum and Vaidyanathan {Proc. Indi. Acad. Sci., 1935, 1, 510- 
527) has raised the importance of these researches still further. 

Anthranilic acid has been condensed with chloral to form chloral 
dianthranilic acid : CCI3. CH. (NH. C^Hc COOHg) (Niementow- 
ski , Ber., 1902, 35, 3898) It has also been condensed with chloral 
{Ber, 1895, 28, 2812 ; /. Am. C. S., 1908, 30, 130) and the com¬ 
pound ^ 

/ \-N^CH.CCl3 


Lcooh 


has been obtained. 
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(9) Gindeasadon with Amido Compounds. 

Chloral condenses with the—group of the add amides and 
generally gives cmnpounds of the type; 

R. CO. NH. CH. (OH) CCl, 

Thus Oscar Jacobson {An. Cketn. Pharm., 157, 243) prepared 
chloral-acetamide and chloralbenzamide; O. Wallach {Ber., 5, 251- 
257) also pr^ared the same compounds. Chloralformamide was pre¬ 
pared by J. E. Mering (Eng. Pat. 7391 ; D. R. P. 505886; 
/. C. S. Ind., 1890, 413). It was also prepared and its physiolo¬ 
gical properties studied in Merck’s laboratories (Merck’s Bull., 1889, 
85). Chloral-palmitinamide and chloral-bromopalmitinamide have 
been obtained by Sulzberger (D. R. P. 198715) and chloral-bromo- 
isovalerimide by Richter (Chemisch. Fabrik. D. R. P. 234741). 
Meldrum and Bhcjraj (/. Ind. Cketn. Soc., 1936, 13, 185) prepared 
various diloralamides ranging from chloralformamide to chloral pe- 
largonamide. Meldrum and Deodhar (/. Ind. Cketn. Soc., 1934, 
11, 529-533) studied the chloralamides of succinic, malonic and p- 
toluic adds. Wheeler and Ydburgi (/. Ind. Chem. Soc., 1934, 
11, 217-223) prqjared chloral acetamide and chloralbenzamide with 
a view to study the constitution of their reduction products, which 
they have shown to be unsaturated ; represented by the formula : 
R.CO.NH.CH. = CCI 2 Only erne molecule of chloral has been con¬ 
densed with diethyl malonamide to give 




CjHg 


\/ 

c 

/\ 


CO-NH-CHOH-CCIj 


CONHj. 


(Burrows and Keane, Soc., 1907, 271). 

Chloral with cyanamidc gives (CN),. (NH. CH. OH. CCl,), 
Fillet and SchifT (Brr., 10, 425-429). Condensation of urea also 
takes place on the same lines as that of the amides and chloral (O. 
Jacobsen loc. cit) ; Kelle and Co. (D. R. P. 128462; Chem. Zentr., 
1902, I, 547). Van der Zande (Rec. Trav. Chim., 8, 222-247) 
prepared a number of urea derivatives :—chloral-dimethyl-carbamide, 
chloral-diethyl carbamide, chloral-dipropyl carbamide and <^loral-di- 
isopropyl-carbamide. Fiest with Nissen and Stadler (Bet., 1914, 
1173^1193) obtained dichloral carbamide and dichloral-thiocarba- 
mide by heating chloral and carbamides with a little water. Carba¬ 
mide, ^^benyl-CRTbamide, tolyl-caibamide and nitro-phenyl-carbamide 
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have all been condensed with chloral by Chattaway and James (Proc. 
Roy. Soc,, 1931) and Chattaway and Lawrence (Soc., 1933, 30). 
Chloral-urethane and chloral-di-ur^ane have been obtained by Diels 
and Sieb (Per., 1909, 42, 4062-4072). Mddrum an^ Alimchandani 
(/. Ind, Chem. Soc., 1925, 2, 1) and Meldrum and Pandya {Jour. 
Univ. Bombay, 1937) have also studied the condensation of chloral 
with urea and urethane and their halogen derivatives. Chattaway and 
James (/. C. S., 1934, 109) condensed diamides with chloral. Thus 
NHgCONH.Me was condensed with chloral hydrate in water to get 
N-methyl-N'- ()9-tridiloro-a-hydroxy-ethyl) carbamide. Similarly 
NHgCONALK^, oxamide and substituted malonamides were con¬ 
densed. 


(10) Miscellaneous Reactions. 

Bromine and chlorine at 140° in a sealed tube give bromo- 
trichloroethane with chloral (A. Oglialoro, Gaz. Chim. Ital, 1874, 
457-462) ; but bromine and chloral in the presence of aluminium 
chloride at 75-80° give hexachloroethane ; as also iodine (A. Mouney- 
rat. Bull. Soc. Chim., 1897, 17B, 796). Chlorine acts on chloral 
only in sunlight and gives carbon tetrachloride (H. Gauntiar, CompL. 
Rend., 101, 1161). Chloral in the presence of pyridine, sulphuric 
acid or aluminium chloride polymerises (Boeseken and Schimmel, 
Rec. Trav. Chim., 1913, 32, 112-127). 

Phosphorous pentachloride acts on chloral as an aldehyde and 
gives CCI3.CHCI2 (E. Patemo, Gax. Chim. Ital., 1, 590-592). The 
action of phosphorous pentachloride on chloral also gives. 

yO 

CCI3.CH ^pci3 

O 

(F. Giolliti, Gazzetta, 1904, 34 (1), 247). Whidi is an oily liquid 
with pungent odour. 

C 2 H 6 .O-CH-Cl 

I 

CCk 

The production of dilor-oxyethyl-trichloro-ethylidine (above), by 
the action of phosphorous pentachloride'on chloral alcoholate, shows 
that chloral hydrate or chloral alcoholate are not mdecular com¬ 
pounds but real valency compounds (L. Henry, Ber., 1871, 101). 
Anschutz and Haslam (Annalen, 253, 121-131) have found that phos¬ 
phorous pentachloride acts on diloralide and gives tetrachlorethy- 
lidene trichlorolacetate, the chloride is slowly decomposed by water 
yielding tri-chloro-acetic and trichloro-lactic acids. These results 
n—Y 
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indicate, that the ooostitatkn of the chloride is r^resented by the 
foUowii^ formula. 


CCl3.C(OH) 


CO- 



CCl-CCl, 


Cyanogen and chloral hydrate give cyanhydrin 


CCl^-C.CH 

\.CN 

(£. Hagenmann, Ber, 4, 151-154). Alcdiolic potassium cyanide 
gives ethyl dichloroacetate and chloral cyanhydrate with chloral; while 
aqueous potassium cyanide gives dichloracetic acid and hydrocyanic 
acid (O. Wallach, Ber., 6, 114-119). The same worker obtained 
dichloracetic acid with potassium ferrocyanide, (Ber., 10, 1525-1530). 
If potassium cyanide contains potassium cyanate as an impurity, 
then chloral hydrate gives a compound C 4 H 3 CI 3 N 2 O 2 (Cech.. Ber., 8, 
1174). He has also confirmed it further by using a mixture of po¬ 
tassium cyanide and cyanate (Gompt. rend., 82, 989-990) and has 
cemdensed this chloral-cyanide-cyanate with toluidine giving CH,. 
CgH,. NH.CClj. CHO and with ethylamine giving C 3 H 5 NH.CCI 3 . 
CHO, (Berr., 10, 878-880) ; while O. Wallach (Ber., 8, 1327) has 
found that with potassium cyanate alone, chloral hydrate gives C 4 H 3 
QjNgO:. With diloral ammonia, alcoholic potassium cyanide gives 
dkhloracetamide (Schiff and Speciale, Gazetta, 9, 335) and in the 
reaction chloral combines with amide to give CHCi 2 .CONH.CHOH. 
CClg (chloral-dichloracetamide). Chloral cyanhydrin and further an 



acid are obtained by refluxing chloral and acqueous hydrocyanic acid 
(C. Bischoff and Pinner, Ber., 5, 208). Chloral cyanhydrin omdenses 
with carbamide and gives a simple trichiloroethylidine-diuride CCL. 
CH. fNH.CO.NHj), (Pinner and Litschutz, Ber., 20, 2345-2351). 
Chloral and hydrocyanic add in the presence of hydrochloric acid 
give trichloroacetic acid and chloral cyanhydride (A. Pinner and C. 
Bischoff Amteien, 179, 74-100; E. Hagemann, Ber., 4, 151-154). 
When hydrocyanic add vapours are passed into chloral, trkhlorinated 
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trigenic acid is obtained (C. Bisdicrff, Ber, 5. 86-88). This reactira 
according to Lidng, Wohler and Bayer, is a critoion for an aldehyde. 
If methyl cyanide reacts, instead of hydrocyanic add, (Hubner, Ber., 
6 , 109-110) oxygen of the aldehyde is eliminated as water and 
CX)ls CH.(CHjCN )3 is obtained which <m hydrolysis gives CCl,. 
CH.(CH,.CO.NH,),. 

If hydrogen sulphide is added to chloral hydrate, a compound 
of the type 


CHOH 

s 

CHOH 

I 

is obtained (E. Hagemann, Ber., 4, 151-154; G. Wyas, Bet, 7, 211- 
212). But if hydrogoi sulf^ide is passed through an ammoniacal 
solution of chloral hydrate, a red dye of the formula CuHjtSigOsN^ 
is obtained (Lerch., Chem. Centr., 1887, 299). Chloral and fuming 
sulphuric acid give a compound CgHeQuOuSj (Grabowski, Ber., 
6, 225-226) and various others (ibid., 8, 107-72) 

Chloral and zinc-methyl give dimethyl-isc^ropyl-carbinol (Rizza, 
Russ. Chem., Soc., 1882, 99-103). Chloral and 4-methyl-glyoxa- 
line give 



, NH-C-CHa 

I 

-C-CH^»^CCt3 

Gemgross (Ber., 1912, 45, 509-526). 

Acetic anhydride, with diloral hydrate, gives a diacetyl diloral hydrate 




’0-Cj,H80 


o_ 


C^NjO 


(Meyer and Dulk, Ber., 4, 963) ; while acetic acid alone gives some 
isomeride of chloral (Meyer, Ber., 6, 449). With corresponding 
chloracetk adds, chloroacetates are formed (Gabutti, Gazetta, 1900, 
30, 253-257). 
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R. Schiff {Ber., 10, 165-171) has prepared monoacetyl and 
diacetyl chloral ammonia by the action of acetyl diloride on chloral- 
ammonia. The diaoetyl compound very easily hydrdyses to a mono¬ 
acetyl, singly by means of hot water. This ^lows that chloral- 
ammonia contains a hydroxyl group 


CClj-CH 


OH 


From his experiment Schiff r^resented the formula of chloral 
acetamide as CH8.CO.NH.CH(OHl.CXIlg. A. Pinner however re¬ 


presented it as 


NHa. 

ecu— -C-O—CO-CHs 

I 

{Ber., 10, 1964). Pinner finds support for his view, since this com¬ 
pound is obtained by the action of ammcMiia on chloral-acetyl-chloride 
which is represented as CX^lgCH.Cl (O.C2H3O). Shiff has also con¬ 
densed chloral-ammonia with benzaldehyde {Ber., 11, 2166-2167) and 
obtained 


QH,CH : N.CH (OH). CCl, 

which finds to be a general reaction for aldehydes. Chloral-ammonia 
when distilled with chloral gives an imide 



CH*(pCl3) - 

- NhT 


XH-CCl, 


and an isochloral imide. 

(Bdial and Choay. Compt, rend,, 110, 1270-1273). 


Chloral-ammonia, with ethyl-disodiomalonate leads to the for¬ 
mation of a substance which is considered to be, 


NH 




c-(oh);^ 

C-(oH):CKr 


?C.(pOOEt)j 


diethyl-2 ; 6-dihydroixy-l ; 4-dihydiD-pyridine-4 : 4-dicaiboxylate 
Zwerger (Monatsch, 1903, 24, 737). 
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Perusal of the above literature makes it manifest that chloral, 
as an aldehyde, tmdergoes these fundamental reactions where the 
doubly linked oxygen is either (i) converted into —OH group with 
the subsequent addition or (ii) it is eliminated as’^a molecule of 
water. Thus in the case of hydrocarbons, one molecule combines 
with one molecule of chloral to give 

(1 ) CCIb.CHO -h CflHe = CCU.CHCOW.CbH-, 

(2) CCls-CHO + 2 CfiHft = CCl8.CH.(C6Hr>)2 

The first type of reaction is general and is found true in cases of 
alcohols, aldehydes, ketones, carbdiydrates, acids, amides, substituted 
anilines, and with bases containing nitrogen in the ring. It is inter¬ 
esting to note that aliphatic alcohols react with chloral, while the 
aromatic do not. With aromatic compounds, the reaction is generarally 
nuclear, unless a characteristic group such as —OH, —NHg or acety- 
lamido is present. Thus with phenols, chloral condenses in the 
nucleus or with the —OH group or with both. If chloral condenses 
in the ortho position to —OH group with an additional molecule 
condensing with —OH group, an anhydro compound is obtained with 
elimination of a molecule of water from these two chains. Compounds 
of this type have been obtained by Chattaway and his collaborators 
from various pdienols. 

Alimchandani and Meldrum also, had obtained similar anhy- 
droderivatives from gallic and other hydroxy acids. With aliphatic 
hydroxy acids, Wallach has obtained compounds which he calls ‘ chlo- 
ralides,’ and these are also anhydro formations. 

With hydroxy aromatic acids, chloral condensation takes place 
in the nucleus as usual, but if the condensation takes place in the 
ortho position to the —COOH group, or in the ortho position to 
the —OH group in the case of hydroxy acids, then a phthalide is 
bbtained. This speaks of the reactivity of the —OH group in the 
chloral condensation. 

The nuclear condensation of chloral with aromatic acids, has 
been used by Meldrum and his collaborators to get many interesting 
compounds. They have arrived at these through the following stages : 

(i) Condensation of chloral to giet 

R. CH(OH).CCl8. 

(ii) Reduction of this to g^ 

R. CH^.CHa*. 

(Hi) Reaction of sulphuric acid (97%) on this to convert 

R.CH 2 .CHa 2 to R.CH*.COOH, 
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However, the reaction is not general. 'Hie nflcessary condition for 
this type of condensation appears to be the presence of a para-acti¬ 
vating group. 

In the case of amino compounds, chloral s^rally condenses 
with the —NHg group in the second way. Thus two molecules of 
amine with one of diloral give 

CXa,CHO -h 2NH,.C,H, = CC1,CH. (NH.C,H5)* 

but if the basic group is substituted, as in the case of diethyl or 
dimethyl aniline, chloral condenses in the nucleus and the conden¬ 
sation is of the first type. With acid amides, chloral condenses with 
the amido group and chloralamides are formed. No acid amide is 
known where chloral has combined in the nucleus. Alii^iatic as well 
as aromatic acid amides, urea and urethanes have all been con¬ 
densed with chloral. These chloralamides have beoi found to be very 
useful in medicine. In order to enhance their therapeutic efficiency, 
a luimber of reactions have beai tried by Moschdes, Pinner, Feist 
and others. All these reactions have centred round the —OH group 
in the side chain ; and that —OH group can be exchanged for many 
other groups such as —OCH,; —(XX^H ; COC,,H ,; Cl; Br., etc., 
has been shown by them. 

The Author and his students are interested in the study of the 
chloral amides in general and that of the chloral-salicylamides in 
particular, because of their potoitial therapeutic importance since both 
salicylic acid and chloral, with their derivatives are important 
amongst drugs. Further study of these compounds, besides, may 
lead to important syntheses of hetero-cyclic substances 


[Received August 11, 1937.] 
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I.— Charge of Cloud Drops and 
Solid Particles produced By 
Mechanical Methods and 
THE Theory of its Produc¬ 
tion : R. D. Godbole, Royal 
Institute of Science, Bombay. 

Experiments were carried out 
with various substances to find out 
the charge in the substances when 
these are subjected to mectenical 
processes such as spraying a single 
jet, striking a plate, two jets strik- 
mg each other, slipping on an in¬ 
clined plane, etc. Substances con¬ 
tained pure liquid solutions of or¬ 
ganic and inorganic substances^ 
and powders. A jet of gas such as 
CO 2 was made to strike a plate 
and the charge produced was mea¬ 
sured. In certain cases, the charge 
given to the air as well as in the 
substance was determined. When 
the charge of one kind was not 
found either in the substances or 
in air, special experiments were 
arranged with insulated sprayer to 
find out the missing charge. 
These show that some of the 
charge escapes through the appa¬ 
ratus to the earth. 

The experiments of the authoi 
and previous workers like Lenard, 
Eve, Busse, Simpson and Rudge 
lead to the following general re¬ 
sults : 

(1) The charge in Jhe sub¬ 
stance, in the surrounding medium 


and that escaping through the ap¬ 
paratus is in total zero. 

(2) If the substance is posi¬ 
tively charged, an excess of nega¬ 
tive ions over positive ions is 
found in air in general and vice 
versa. The missing charge, if any, 
escapes to the earth through the 
apparatus. Negligible charge in 
the substance is accompanied by 
a negligible charge in air also. 

(3) The nature and amount 
of charge produced, depends upon 
the intensity of the mechanical 
action as well as on the state and 
the nature of the substance. 

Experiments were also conduct¬ 
ed with substances initially charg¬ 
ed and then subjected to mecha¬ 
nical action. These show that the 
charge due to mechanical actions 
is independent of the initial 
charge. The initial charge re¬ 
mains in the liquid and is not 
given to the medium when the 
substance is subjected to mecha¬ 
nical action. 

AUTHOR 


IL-^Measurement of Earth-Atr 
Electric-Current : D. V. 

Kamat, Royal Institute of 
Science, Bombay. 

An automatic apparatus as sug¬ 
gested by G. C Simpson and as 
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put to use by Seraje at the Kew 
Observatory, was set up for taking 
continuous records of the earth- 
air current, in the compound of 
the Meteorological crflke, Poona. 
Continuous records of the current 
and the potential gradient were 
simultaneously obtained for 11 
months of the year, and these 
were analysed for diurnal and 
other variations. The general con¬ 
clusions that follow from these 
analyses are: 

(1) The potential gradient at 
Pbona, frequently becomes nega¬ 
tive even in fair weather, while 
the earth-air curroit maintains 
the usual positive sign ; this is 
mostly because of the space charge 
due to the dust in the atmosphere. 
Therefore, the relation between 
the earth-air current i, the oxiduc- 
tivity X and the earth-air-current 
F, in this case is of the form 
i = A (F -(- Fo). The additional 
term AFo arises on account of 
this space charge and some special 
records are analysed for finding 
the values of Fo. 

(2) For studying the diurnal . 
and other variations of the elec¬ 
trical elements portiwis of the re¬ 
cords of positive values of the 
earth-air-current and the poten¬ 
tial gradient obtained during 
the undisturbed conditions only, 
are taken into account. From 
these analyses, it is seen that:— 

(a) The potoitial gradient 
assumes the usual 
< form consisting of two 
distinct maxima and 
two mining. 


(b) The variations of the 
current and the con¬ 
ductivity are very 
much similar to each 
other. 

(c) The variation of the 

conductivity is, more, 
or less in the direction 
opposite to that of the 
potential gradient. 

(d) The current and cemse- 
quently the conducti¬ 
vity are maximum in 
the summer and the 
noonsoon months and 
minimum in the win¬ 
ter months. But the 
potential gradient is 
minimum in the sum¬ 
mer and the monsoon 
memths and maximum 
in the winter months. 

(e) In all the three electri¬ 

cal elements, the total 
ranges of variations 
are very large, and of 
these, the range of 
variation of the con¬ 
ductivity is the largest. 

(/) Considering the mean 
values of the indivi¬ 
dual months, the cur¬ 
rent is maximum in 
September and is 
equal to 144 X lO"’* 
ampere per sq. cm. 
and is minimum in 
November and is 
equal to 20 X 
ampere per sq. cm. 
The annual mean 
value of the current 
obtained from the 
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values of the several 
mcMiths, is 68 X 10“^® 
ampere per sq. cm. 
and the correspond¬ 
ing values of 
the conductivity and 
the potential gradient 
are 137 X ohm."^ 
cm.-^, and 65 volts, 
per metre, respectively. 

(3) From the records obtain¬ 
ed during abnormal conditicms, 
such as rain, thunder-storms, etc., 
it is found that:— 

(a) Drizzle gives some¬ 
times positive^ and 
sometimes negative 
charge to the test 
plate. 

(b) During moderate and 
heavy rain, not asso¬ 
ciated with thunder¬ 
storm, the test plate is 
violently charged and 
the sign of the chaig:e 
is positive; the poten¬ 
tial gradient is very 
often reversed and re¬ 
mains negative during 
most part of the rain. 

(c) Distant thunder-storms 

whose occurrences are 
indicated by lightning 
flashes and discharge 
in quick succession, 
taking place low on 
the horizons, appear to 
have no effeil either 
on the earth-air-cur- 
rent or as the poten¬ 
tial gradient. 

(d) During near thunder- 
storms the potential 


gradient is reversed 
and undergoes violent 
and rapid fluctua¬ 
tions;^ and the test 
plate is violently 
charged. Also during 
rainfall from these 
thunder clouds, the 
potential gradient un¬ 
dergoes similar charges 
and the test plate is 
violently charged, 
mostly with positive 
electricity. 

AUTHOR. 


III .—An X-ray Investigation of 
the Crystals of Acenaphthene 
and Triphenylmethane : L. A. 
Desouza, Royal Institute of 
Science. 

(1) The Crystal Structure of 
the crystals of acenaphthene and 
triphenylmethane have been in¬ 
vestigated by the rotation and 
oscillation method. The dimen¬ 
sions of the unit cell are 
Acenaphthene 

a o bo CO 
8-31 A : 14-07 A : 7-21 A** 

Triphenylmethane 

0 0 0 
14-71 A : 25-71 A : 7-55 A 

(2) The crystals of acenaph¬ 
thene belong to the space group 
0 ® jof the orthorhombic bipyra- 
midal class and there are four mo¬ 
lecules per unit cell. The crystals 
of triphenylmethane belong to the 
space group Qv® of the orthorh¬ 
ombic pyramidal class and have 
eight molecules in the unit cdl* 
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(3) CalcolatkHi of structure 
factors in the case ot aoenaph- 
thene crystal show that the mdc- 
cular orientations suggested by 
Krishnan from his magnetic 
measurements do not satisfacto¬ 
rily explain the observed X-ray 
intensities. The results have been 
discussed. 

AUTHOR 


IV .—The Convection and Varia¬ 
tion of Temperature near a hot 
surface: M. K. Paranjpe, 
India Meteordogical Depart¬ 
ment, Poona. 

Part I. : The paper discusses 
the formati<Hi of the dark or dust- 
free layer in the space between a 
hot surface (above) and a cold 
surface (below). The variaticms 
of the dark layer (1) with dist¬ 
ance bdween the surfaces when 
the tonperatures of the two 
surfaces are kept unaltered and 
(2) with the temperature gradi¬ 
ent when the distance is kept 
constant at 3-5 mm. have been 
studied. It is shown that when 
the distance between the two sur¬ 
faces is less than 4 mm. the whole 
space is occupied by dark layer. 
If smdce is introduced into this 
^ce it travds from the hot to 
the cold surface with a velocity 
proportional to the tlmperature 
gradient. The excess of pressure 
associated with the velocity of 
particle is calculated. Theii»e^|f 
gations are continued at 4Hffaent 
pressures and with liWticles of 
different dzes. *■£’ 


The ai^djcatkxiB of int^oo- 
metry to the study of the 
phenomena near a hot surface will 
be discussed in the next part of 
this series. 

Part II.: The paper describes 
an interferometric method of 
measuring temperature distribu¬ 
tion near hot surfaces. The 
details of the method and the 
various precautions to be taken 
are discussed. The distribution 
of temperature in the case of a 
horizontal air cdl between a hot 
surface above and a cold surface 
below is discussed in rdation to 
convection and the importance of 
using small air gaps (2 mm. or 
less) in thermal conductivity 
measurements is pointed out. 
Pictures of interference pattern 
when the air cdl is 1*61 mm. and 
0-77 mm. thick are given along 
with the tonperature distributions 
calculated from these pictures. 

AUTHOR. 

V .—The Study of Oxy-Coal Gas 
Flame By Band Spectra ; By 
J. M. Patel, Royal Institute 
of Science, Bombay. 

(1) Gross intensities of Cj 
(swan) system excited in oxy-coal 
gas flame with varying mixtures 
of coal-gas and oxygen have been 
measured by the method of 
photographic photometry, using 
a standard lamp and a calibrated 
st^slit. 

(2) The methods and tech¬ 
nique of qjectral i^otometry both 
general and as applied to band 
intensities are treated in detail. 



ABSmACT8 OF THESES 


203 


(3) The transition probabi- 
lities derived from the potential 
energy curves using Morse’s and 
Rydbeg's expressions have been 
given and compared with the 
experimental results. 

(4) The effective tempera¬ 
tures are derived on the assump¬ 
tion of the statistical equilibrium 
of molecule in different vibra¬ 
tional levels in the case of all the 
five gas-oxygen ratios according 
to the laws of Maxwell and Boltz¬ 
mann. The intensity centres have 
been calculated. 

(5) All results, viz., inten¬ 
sities, transition probabilities, 
temperatures and intensity cen¬ 
tres have bear discussed in detail 
and ccnclusions drawn. 

AUTHOR. 


VI.— The Dielectric Properties of 
some Organic Substance: 
D. J. Davar, Royal Institute of 
Science, Bombay. 

The density, the refractive in¬ 
dex and the dielectric constant are 
determined' at room temperature 
(30°C & 29‘’C) for solutions of 
Oleic acid, Linoleic acid, trio¬ 
lein, Triridnolein and Tristearin 
in Benzene. The dielectric con¬ 
stant is determined at 7,500 K.C. 
(40 metres) using the method of 
resonance and a valve vcdtameter. 
The refractive index is deter¬ 
mined for Na-lines. The pdari- 
zations and the dectric moment 
of the substance are calculated 
from the Debye equations using 
the method of least squares. Cor- 


rectkm for the effect of the sol¬ 
vent is indicated but not an>lied. 

The electric moment is ex- 
fdained from the'pdnt of view 
of the chemical constitution and 
structure of the substance. Ilie 
values obtained are Oldc Add 
1‘009, Lindeic Acid 1-208, Trio- 
Idn 3-158, Triricinddn 4-117 
and Tristearin 2-844. 

AUTHOR. 

VII.— Intensity Distribution in 
the Molecular spectra of ALO 
and CN systems. By S. A. 
and N. R. Tawde, Royal Insti¬ 
tute of Sdence, Bombay. 

Quantitative intensity measure¬ 
ments in the bands of Alo 
(B^e-^ X^e) system have been 
carried out using methods of dio- 
tographic photometry. Various 
factors of importance in the tech¬ 
nique of the work have been 
noted and duly accounted for. 
The Alo bands were exdted in 
the carbon arc along with the CN 
bands (videt), and photograph¬ 
ed simultaneously. The peak inten¬ 
sities near the heads of unresolv¬ 
ed bands are calculated from 
these after due correction. These 
values have been used to derive 
i values and transitions. Fdlow- 
ing the graphical method of Con- 
donv and using the Mgise's and 
Ryberg’s expression for the po¬ 
tential energy functions, theore¬ 
tical values of maximum transi¬ 
tions have been derived. A 
cnnparison between experunen- 
tal and thecxetical values has 
been made, and points of agree- 
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mat and departure noted and 
diseuwed. “ Effective tempera¬ 
ture ” have bea obtained for the 
zones cm the assumptioQ of Max- 
well-Bdtzmann Distribution with¬ 
in the vibrational levds. All these 
results have bea discussed in the 
lif^t of the existing tharies and 
conclusions drawn wherever pos- 
Nble. 

AUTHOR 

VIII .—of Argon on the 
Emission of Swan Bands. By 

D. D. Desai, Royal Institute of 

Sciace, Bombay. 

It has bea krx>wn that an ad¬ 
mixture of the inactive gas with 
substances emitting spectra re¬ 
sults in certain cases in profound 
modification of these spectra. 
The Swan system of bands due to 
cartxxi molecule is thus produced 
under the influence of high pres¬ 
sure argon in a disdiarge tube. 
The nature of this influence is 
not exactly knowa With a view 
to study the role of argon in the 
emission of Swan bands, quanti¬ 
tative study of the intasity dis¬ 
tribution in this system under five 
dififerat pressures of argcxi, viz., 
10, 15, 20, 25, 30 mms. has bea 
undertaka. Methods of 
graphic photometry inv<4ving the 
use of calibrated standard lamp 
in coajunctkm with a step-slit of 
seva different apertures have 
bea used. Intasities have bea 
read from micro{Aotometer le- 
ooeds and expressed on a idative 
Male after due oorrectioas. 


Tiie results have bea utilized 
to discuss the following pdnts: 

(1) The critical pressure of 
argmi for the production of Swan 
bands. 

(2) The transition *proibalH- 
lities and the potatial energy 
functions due to Morse and Ryd¬ 
berg. 

(3) The energy dianges in 
the discharge tube resulting in the 
production of Swan system. 

(4) The statistical weights and 
intasity shifts with argon pres¬ 
sure. 

(5) The effective tempera¬ 
tures on the basis of Max-well- 
Boltzmann distribution of vibra¬ 
tional aergy. 

N. R. T. 


IX .—Studies in Hygrometry. By 
D. S. Luktuke, India Meta- 
rological Departmat, Poona. 

An optical hair hygrometer has 
bea designed and used to study 
the behaviour of hair as an indi¬ 
cator of humidity in upper air 
instrumats. Experimats were 
carried out with the ordinary hair 
hygrograi^ 

(«) at room temperature, 
and (fr) at kw taq)eratures in 
cold storage tocHns. 

Abo experiments will perform¬ 
ed on single fibres of hair and 
otha materials like horse hair, oo- 
ooanut fibre, paper ceUr^ihane, 
etc The thary of hair-hygro¬ 
meter with special attation to 
the presat views of the structure 
of hair is discussed. The hair 
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hygrometer is used to study the 
variation of humidity near an 
evaporating water surface. 

K. R. 

X—^Abstract of the thesis sub¬ 
mitted by Mr. N. L. Phalnikar 
for the M.Sc. degree of the Bom¬ 
bay University, October 1936 . 
M. R. Science Institute, Gujarat 
College, Ahmedabad. 

Part I— Influence of a-phenyl 
group in Three Carbon Tauto- 
merism, ll,—Synthesh and 
Derivatives of diphenyl 
glutaric acid. Ill —Chemical in¬ 
vestigation of the seeds of Hy- 
grophyla Spinosa. 

Part I-(a), (b), (c). 

The influence of various alkyl 
substituents in different positionr 
on the mobility and equilibrium in 
the Three Carbon System of the 
type. 

Where Rj, R^, Rg, R 4 are alkyl 
groups or portions of alicyclic 
rings and X is a negative group 
of the type—COCHgrCOO- 


CaKgrCNrCOOH, has been ex- 
tensivdy studied by Kon Linstead 
and their collaborators. In the 
present thesis th^ influence of a- 
phenyl group on the mobility and 
equilibrium of such a system is 
investigated. The following pairs 
of acids and esters were prepared 
in a pure condition. 

a-Phenyl cyclohexenyl acetic 
acid; «-Phenyl cyclohexylidene 
acetic acid. 

a - Phenyl - A*Hexenoic acid ; 
«-Phaiyl-A^ hexendc acid. 

Ethyl a-Phenyl cyclohexenyl 
Acetate ; Ethyl- a-phenyl cyclohe¬ 
xylidene acetate. 

Ethyl «-phenyl-A^ hexenoate; 
Ethyl «-phenyl-A** hexenoate. 

The tautomerism of these, un¬ 
der the standard conditions of 
Linstead (/. C. S., 1927, 2581) 
and Linstead and Kon, (/. C. S., 
1929, 1269), using the idometric 
method of Linstead and May (/. 
C. S., 1927, 2565), for the esti¬ 
mation of afl and pT unsaturated 
compounds in a mixture, has been 
investigated. The following table 
summarises the results ; 


TABLE 


Compounds. 

Catalyst 

used. 

% of afl at 
Equilibrium. 

mobility. 

a-Phenyl cyclothexenyl acetic add... 1 
o-Phenyl cydohex^dene acetic 
add .J 

^KOH 

42. 

0-00954 

o-Phenyl A‘ hexenoic add 
o-Phenyl A** hexenodc add 

f ~ 

87. 

0-4854 

Ethyl a-iAenyl cyddiexenyl ace-l 

tate .1 

Ethyl o-phenyl cydohexylidene ace-1 
tate . ^ 

> Naoet 

72. 

0-996 

Ethyl 4 x-phenyl A* hexenoate 

\ » 

96, 

35-65 
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Tl» results, when cooqjared 
with those of the oorreqxmding 
unsubstituted and the a-tnethyi 
cnnpounds, show that the phenyl 
group influences the mot^ity and 
equilibrium by its steric and oon- 
jugative effects. 

1(C) SyntheuB and constitution 
of a-phenyl glutaconic add. 

A glutaconic system differs 
from a three carbmi system of the 
above type in having an activat¬ 
ing group at both ends of the sys¬ 
tem. Hence it was thought de¬ 
sirable to synthesise and study 
the properties of a-phenyl gluta¬ 
conic acid. The existing me¬ 
thods for the syntheds of gluta¬ 
conic acids being inapplicable for 
the preparatioi of a-[dienyl glu- 
taccmic add a new method had to 
be devised which is as follows :— 
An ester having a CHj group 
next to a carboxyl group can be 
condensed with ethyl formate in 
presence of molecular sodium or 
sodium ethoxide, to give a mix¬ 
ture of an alddiydic eater and a 
hydroxy ntethylene ester. The 
alddiydic ester is then oendensed 
with malonic add in presence of 
pyridine and piperidine yidding 
the acid ester of the glutaconic 
acid whidi on hydrolysis gives 
the glutaconic add. 
a-Phenyl glutaconic add has been 
synthesised and its constitution 
has been proved to be trans 
afi. 

Various derivatives, sudi as, 
hydroxy anhydride m.p. 175-76®, 
diloroanhydride m.p. 110-111®, 
trans tRURianilide m.p. 96®, ds 


afttni anilide imp. 156®, and di¬ 
anilide m.p. 90® have been pre¬ 
pared. 

Methylation of a-phenyl gluta¬ 
conic has been tried and it has 
been diown that the methylation 
occurs at a-carbmi atom. 

Part II. 

As substituted jrfienyl glutaric 
acids were required in this labo¬ 
ratory for the study of the influ¬ 
ence of phoiyl group on the car¬ 
bon valency angle, synthesis of 
hitherto unknown jS^-diphenyl 
glutaric acid has been effected. 

Scheme for the syntheds is as 
follows:— 

Benzophenone dichloride is 
condensed with ethyl sodio malo- 
nate under pressure giving j8j3 
Ethyl diphenyl propane aaaa, 
tetra carboxylate, which on 
hydrolysis and decarboxylation 
gives pfi diphenyl glutaric add 
m.p. 162-63®. 

Many derivatives such as Di¬ 
ethyl ester b.p. 235® at 7 m.m. di¬ 
methyl ester b.p. 210® at 30 m.m., 
diamide m.p. 172®, dianilide 
m.p. 185®, and imide m.p. 188®, 
have been prepared. 

Part III. 

The seeds of hygroi^yla spino- 
sa have been subjected to a sys¬ 
tematic chemical analysis. No 
alkaloid was detected. A fixed 
chI was obtained in 21% yield. 
Physical and chemical constants 
of the (Ml have been debemtined. 

The 8(4id adds contain myiis- 
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tic acid 5’5%, palmitic acid 73% 
and stearic acid 21-4%. The 
liquid adds contain linolic, oleic 
add and probably an add of 
higher molecular wt. 

N. L. P. 


XI—^Abstract of the thesis of 
Mr. N. K. Joshi, submitted to 
the University of Bombay for the 
M.Sc. degree. Wilson College, 
Bombay. 

“ Application of the Phase rule to 
Binary and Ternary system.” 
The following Binary systems : 
(1) Zinc sulphate and water, (2) 
Magnesium sulphate and water, 
(3) Manganese chloride and wa- 
to", and Ternary systems: (1) 
Zinc sulphate, sulphuric add and 
water; (2) Magnesium sulfate, 
sulphuric acid and water; (3) 
Zinc sulphate, magnesium sul¬ 
phate and water; (4) Manganese 
chloride, hydrochloric add and 
water ; (5) Urea, sodium chloride 
and water were studied. 

In all these cases, N. Camp¬ 
bell’s bottle was used for attain¬ 
ing the equilibrium of the system 
and for filtering sdution from the 
solid with which it was in equili¬ 
brium. In each case the compo- 


sitkm of the sdid and the sdu¬ 
tion was determined. 

In the study of Binary systems, 
the compositicxi bi solution and 
of solid residue at various tempe¬ 
ratures gives the sdubility of salt, 
the number of hydrates that can 
be formed and the transitim tem¬ 
peratures of these hydrates. 

In Ternary systems containing 
sulphuric add, it was found that 
the solubility of salt decreases 
with increasing amounts of sul¬ 
phuric add. The various hydrates 
which are formed and remain 
stable at higher temperatures 
only, are found to be stable at 
room temperature, in presence of 
different amounts of sulphuric 
aad. 

In the case of Ternary systems 
containing hydrochloric add, the 
solubility of the salt decreases 
with increadng amounts of hydro¬ 
chloric add, but tlie hydrate 
stable at a high temperature 
could not be obtained at room 
temperature by adding any 
amount of hydrochloric add. 

In the study of Ternary S 5 rs- 
tems : (1) Zinc sulphate, magne¬ 
sium sulphate and water, and (2) 
Urea, sodium chloride and water, 
no double salts could be detected. 
Formation of mixed crystals may 
be possible. 


. S. C. D. 



NOTES AND NEWS 


A peruaal of the addresses givai by the Presidents of the 
Briti^ Association-during recent years at the annual meetings re¬ 
veals their anxiety as to the way in which society reacts to the dis¬ 
coveries of science. The question which is agitating the minds of 
a large number of scientists at the present day is the relationship be¬ 
tween science and society. There is a group of persons who think that 
scientists should carry on their work without concerning themselves 
as to how their researches would affect the society. They disclaim 
any responsibility resulting from their discoveries and their publi¬ 
cation, or for the use or misuse made of those discoveries by others. 
There is another group of persons, which is large and increasing, 
who hold a different view and say that a scientist isi also a member 
of soci^y and a citizen of the state and as such has his duties 
and responsibilities to them both. The point which has been brought 
out in this discussion is that too much attenticm has hitherto been 
given to researches in the science of matter and too little in the 
science of man. This brings about a lop-sided devdopment of human 
nature and is supposed to be me of the causes of the present menace 
to sodety. This brings us once again to the age-old question of 
"Man, Know Thyself”. The importance of the study of man 
was recognized in the olden times, lost sight of in the middle ages, 
and partially recognized once again with the study of the biological 
sciences in the latter part of the nineteenth century, but its full sig¬ 
nificance has been brought home only lately in the light of recent 
world events, the impending crisis and threat to modem civilization. 

Various proposals have been put forward to remedy this state 
of affairs, for example, the proposal for the formation of a “ Chamber 
of Science” by Sir Gowland Hopkins and a “Scientific League of 
Nations” by Ritchie Calder. These suggestions have been made 
with a view to socialize science and avert the danger to society con¬ 
sequent upm the misuse of the forces of nature which man is now 
able to cmtrol. Progress in man’s moral nature has not kept pace 
with his intellectual progress. To restore equilibrium between the 
development of the head and that of the heart there was a prt^xisal 
to clo^ down research laboratories for some years. There was also a 
pn^xisal to do away with the use of power and scrap machinery as 
they were di^ladng labour and producing unemfdoyment. Had 
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these suggestions been followed it would have set back by many years^ 
the hands of the clock of progress. Our view is that we should 
have research laboratories and more of them; we should have more 
machines and labour-saving devices and greater use of power to do 
the routine work so as to save man from drudgery and soul-destroy¬ 
ing work and give him more leisure to devote to higher pursuits 
in life and bring out the finer qualities latent in him. Let us make 
a greater and greater use of the scientific method not only in scienti¬ 
fic researches but in all branches of knowledge and all departments 
of life, at home andl in society. Let us have all these for they arc 
indispensable, but will that solve the question which is confronting 
us? 


Our interpretation of the situation is that the phase through 
which science is passing now is necessary and inevitable, though 
transitional. The discussion in which a large number of scientists, 
many of whom Fellows of rfic Royal Society, took part in the columns 
of Nature* on the advisability or otherwise of the use of metaphysics 
in scientific research—which is a new departure in the strictly scientific 
method of investigation—lends support to the same view. With the 
evolution in the phase of the consciousness of man from the stage of 
the concrete mind to that of the abstract and then to that of the intui¬ 
tional, the evolution in the method of research from that of inductive 
to metaphysical and then to occult is bound to take place. The crisis 
through which the world is passing, the great upheavals we see in all 
departments of life, is due to the human consciousness beginning to un¬ 
fold the earlier stages of its next phase, namely the intuitional whose 
characteristic is unification, as opposed to that of the intellectual 
whose characteristic is separation, isolation. We have already seen 
this transition accomplished by the radio, the wireless, the aeroplane, 
which have unified the distant parts of the world as nothing else 
could have done. The world is indebted to the scientist for this 
great achievement. But this is a mere superficial union inasmuch 
as the world is not yet free from threat of another great war which, 
if precipitated, would destroy our glorious western civilization. There 
is, however, no real union of head and heart in the statesmen 
and peoples of different nations. We do not yet feel that^ we are 
all parts of one organismwe have not yet reached the stage when 
we would feel that whatever our interests, our race, our colour, our 
creed, we are all brothers and that we rise and fall together. This 
stage will be reached only by rig^it knowledge and understanding 
of what man really is and how he is constituted, by knowledge of 

*Nature, 9-5-37 and 12-6-37. 

VI—AA 
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his How, Whence and Whitiier, of his puipose in life, of his goal 
and destiny. The present menace to society and threat to civili¬ 
zation have drawn the pointed attention of all interested in ttie 
sdution of the problems confrcmting the world once again to the 
study of man. 

Man has conquered the external world but has yet to gain con¬ 
quest of his inner nature. It is this orientation, this change of out- 
lode, this inner change, which is required more than anything else 
to solve the knotty problems facing humanity at present. We are of the 
opinion that this change of vision in one’s outlook cannot be brought 
about by the study of man frtrni without by the orthodox scientific 
method. An altogether different method of study is required, a 
study of the man from within by himself which involves at the same 
time the undergoing of a certain discipline. Tuition has to be sup¬ 
plemented by in-tuition, sight by in-sight. This discipline inculcates 
the highest morality, the living of a most unselfish life, a life of 
spontaneous service and sacrifice. This particular training and dis¬ 
cipline is just as necessary for the study of man from within and 
developing the latoit faculties in him as the hard training which a 
scioitist has to undergo for the study of man from without by the 
ordinary scientific method of research. Such a man, though he be¬ 
comes aware of and develops the powers latent in him—^powers of 
which orthodox science has no knowledge and which are greater than 
the forces of nature which science is now able to control—will not 
be a menace to society, for he will use these powers wily for the 
good of humanity. This idiows the rationale for a study of the 
whole man, from without by the ordinary scientific method, from 
within by the occult method. Such a study in our opinion will go 
a long way in bringing about a new orientation of thought, which 
is so very badly needed at the present day to solve the many compli¬ 
cated problems facing society. Every man and woman is a potential 
occultist. And the scientist of to-day is the occultist of to-morrow. 


D. D. K. 
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Physics. An Introductory Text-Book ; By Professor H.J. Taylor, 

Wilson G)llege, Bombay. (Published by Humphrey Milford, 

Oxford University Press). 1937. 

Among some of the publications that have recently come out 
to meet the requirements of the Bifurcation course in Physics of the 
Bombay University, is the present bocrfc by Professor Taylor. It 
is proper that a book such as this should come through the pen 
of one who has been teaching and examining the subject in this Uni¬ 
versity for some years now and is in a position to know the defects 
and shortcomings of our sdidents. 

The subject-matter of the book is divided into 18 chapters dis¬ 
tributed in 5 branches of Physics viz. general physics and properties 
of matter, sound, heat, light, electricity and magnetism. The conclud¬ 
ing chapter indicates the direction in whidt the physics of present 
day is developing. This is followed by a few select examples meant 
for testing the theoretical knowledge ^d principles gained through 
the previous pages. A welccmie feature of the book is to lay stress 
and expand explanation on those abstruse points which generally 
remain unintelligible to many a student. For instance, the author 
could successfully dilate on such points as the distinction between 
mass and weight; the interference of sound vibrations to form sta¬ 
tionary waves; the light as a form of energy; the resemblance of 
electrical dipole with a magnet and the magnetic poles in relation 
to electric charges. But at some places such expositions appear to 
be too artificial and confusing. Thus the author in attempting to 
show the distinction between relative density and specific gra¬ 
vity has defined the latter as the force per unit volume and as 
such, it is to be expressed in units of force having dimensions of 
(M) (L)-» (T)-». 

This is certainly not the same thing as denoting it by the ratio 
between the weight of a body and the weight of an equal volume 
of water which is the generally accepted notion. Sudi a definition 
is entirely misleading and will not go a long way without cau»ng 
a good deal of confusion. 

It has, however, to be sera whether the book really satisfies 
the requirements of both the new first year and Inter Science courses 
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in Fhyske. The author in his aim for conciseness consistent with 
clarity has either left out or insufficiently treated many portions 
which can be said to be essential in a bode meant for elementary 
students. Even though it may be admitted that the reading of a 
text-book is accompanied by a course of lectures, in an elementary 
class it is always necessary for a lecturer to expound fundamental 
principles before gdng over any corollaries or applications. The 
ideas which a beginner finds difficult to grasp by reading a book 
can be well impressed upon him during the course of a lecture. 
The teacher therefore has to find time to cover not only the text¬ 
book but to supplement what according to author the text-book 
should not usurp. In practice, the teacher's time is limited and 
hence he may not be able to do justice to the entire curriculum. 
We may pdnt out some omissions below. They might serve as 
suggestions for the second edition. 

In the elementary portions, the specific purpose of each of the 
devices for measuring length should have been briefly stated. The 
theory of balance should by preference be included in a text-book 
of theoretical physics. This is not at all given. It should have 
come immediately after the principle of levers. Only a passing 
mention of balance is made on p. 9 which is not enough. Matter 
pertaining to coefficient of friction on pp. 115-116 could very well 
have been included in Chapter III. We should have expected at 
least the mention of Cathetometer in Chapter I, the different types 
of pressure gauges in Chapter V and the property of porosity of 
matter in Chapter VI. It is not possible to refer in detail to other 
minor omissions. 

Considering the 9Cope of the first paper* of I.Sc. course, which 
includes besides sound, the advanced portions on heat and light, it 
is difficult to understand why no .reference has been made to the 
instruments for measuring radiant heat. There is serious omission 
of a coherent account of kinetic theory of gases including Graham's 
law, Henry's law, Dalton’s law and viscosity measurements. De¬ 
tached references to kinetic theory such as those on pp. 86-87, for 
the explanation of gas pressure, and Brownian motion and diffusion 
in Chapter VI could well have been comprised together to form an 
independent chapter on Kinetic theory. The treatment of polarisa¬ 
tion on p. 294 is inadequate considering that it is an idea intioduced 
in the book for the first time. No mention is to be found to ultra¬ 
microscope though it is specifically mentioned in the University cur¬ 
riculum. 

As the scope of the second paper in Physics is confined entirely 
to current dectricity, we should expect more exhaustive treatment 
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of this subject in the IxxA. Some of the portions, however, require 
to be greatly supplemented by sections on thermo-dectricity and the 
applications of the thermopile, the measurement of radio activity, 
Roentgen rays and the electric power installation and distributicm. 


Some mistakes appear to have crept in. Formula for the fre¬ 
quency of a vibrating stretched string on p. 122 has been derived 


to be « = -p 


instead of the usual formula 




P - 2L 

This is likely to create some confusion. Similarly on p. 338, there 

appears to be printers* mistakes. Instead of .i-there ought to be ^ 


in the formula for the difference of potential. 


A new convention of signs on the basis of the Physical Society’s 
Report on Geometrical Optics (1934) has been followed in the book, 
which leads to identical formulas for mirrors and lenses. Such a 
convention, though simple and convenient, is likely to cause confu¬ 
sion so long as it is not universally adopted by teachers and authors. 
As a new departure, it could have been added as an alternative to 
the current one. 


It would thus appear that the book is not likely to serve as a 
comprehensive treatise for the purpose for which it was designed. 
With some exceptions, it can be said to be more than sufficient for 
the First Year Science Course but would fall short of I.Sc require¬ 
ments. Its value, however, as a book of general reading in the sub¬ 
ject is beyond question and it can very well be read along with 
other treatises on the theoretical and the practical. 


‘N’ 
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A study of the physical characU i ist ics of the body fluids is Ixin^i 
made lor some time past and ha'. Ixtn one of Ricat piomist It is 
Iiiojxiscd to communicate in this j^ajKi the results of investipatun on 
roimal uiine in reG;aid to Suiface tensiein and Osmotic pnssuit Ihis 
body fluid being a complex colloidal exerttion has yitldeO lesults of 
imjiortance , and furthei study of the othei physical pioinities «ui(i 
ec^uilibrium conditions of this fluid and othei body fluids is hountl to 
yield n^sults e)f gie<it value 

All the c5i>‘Cimens of urine fe)r investigation weie collected liom 
the Students of the Qillege^ By limiting the cht lu of eolhction to 
healthy medical students normal urine could be secuied ii abunrlance 
The study having boe^n in the first instance confintd to normal urines 
ol healthy individuals it was necessary to have a large variety of the 
sixjcimens 

Befoie a detaik'd examination of its physical properties, the 
specimen of uiine was thoroughly examined in eirdei to be* sun that 
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By 

S. N. NARAYANA RAO, M.Sc, 

{Department of Physiology, Seth Gordhandas Stmderdos Medical 
College, Pare!, Bombay.) 

A study of the {riiysical characteristics of the body fluids is being 
made for some time past and has been one of great promise. It is 
pr(qx>sed to communicate in this paper the results of investigation on 
normal urine in r^;ard to Surface tension and Osmotic pressure. Diis 
body fluid being a oon^lex colloidal ocretion has yidded results of 
importance; and further study of the other physical properties and 
equilibrium conditions of this fluid and other body fluids is bound to 
yidd results of great value. 

All the qwcimens of urine for investigation were collected from 
the students of the College. By limiting the choice of collection to 
healthy medical students, normal urine could be secured in abundance. 
Itie study having been in the first instance confined to normal urines 
of healthy individuals it was necessary to have a laige variety of the 
qxdmens. 

Before a detailed examination of its {fliysical iMopertks, the 
Vecimen of urine was (hoioui^y auunined in order to be sure that 
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it was normal. For this purpose tiw usual routine chonical tests 
wete made. All those sanmlm vdiich were mspeAei to contain any 
of the abnormal constituents wa% rejected. 

Surface Tendon. 

The physiological variations in the Surface tenaon of urine have 
been studied, althouj^ very briefly by Duhot and Gemez^ employing 
a stalagmometer.' A more comprdiensive study has been made re¬ 
cently by Perryman and Selous.* The latter have made use of the 
method devel( 9 )ed by Jaeger. The other two common methods, viz. 
the tensiom^c method which has been recently perfected by Du 
Nouy,* and the capillary height method have not been favoured by 
them. 

The present investigations were, however, undertaken with a stala¬ 
gmometer. The results show that they are as rdiable as those ob¬ 
tained by Perryman and Selous and in point of speed this instru¬ 
ment is quite as good. Some of the observations agree with the 
findings of the above authors and this fact will be referred to later 
on. 

The theory behind this method is quite simple and has been ex¬ 
tensively studied. The surface tendon, T, is obtained from the 
formula 

2ir rT = W 1 = V. d. 

where 2 v x = external circumference of the end of the tube. 

V'= Volume of the drop 
di = Its Specific gravity. 

The single formula given above is only an approximation. It 
has been ^own by Lrdmstdn,* Harkins and Brown^ that a more 
accurate formula is given by the expression 

W>= mg = 2ir r. T.^ where ^ is a correction factor d^iendent 
on the ratio of the radius of the tip, r, to the linear dimoisions of 
the drop as aq>re8sed by the cube root of its vdume. The value of 
the correction ^ is practically constant when lies between 

0-76 and OSS. In the present investigation this factor has bear taken 
into account. In order that the same area of surface be wetted eadi 
time, the end of the tube is ground off at right angles to its lei«th 
and pdished. 

TTie average volume of a drop is obtained by measuring the 
total volume of a known nunher of drops and dividing by the nnmhw 
of drops formed. In allowing the drops to form, oat important factor 
has to be taken into account, and that is, the rate of formation or 
the age of the dn^. This factw becomes all the more impor tant in 
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the case of aqueous solutions having surface tension lower than that 
of water, and complex colloidal liquids like urine; fw it takes time 
for die solute and suspended! particles to come to the surface. A 
different result is obtained whm the drops follow in'quick succession 
from that obtained when they follow more slowly. But this aging goes 
on for considerable time, perhaps for hours, but the greatest changes 
occur in the first few seconds. To arrive, tha:efore, at the correct 
rate of formation of the drops, prdiminary experiments were con¬ 
ducted with pure liquids, because in their case, there is little quanti¬ 
tative evidence of change in Surface ten»(m with time although 
Schmidt and Steyer^ have shown indirectly that such a change must 
occur, the time interval being too short to be ordinarily measured. 
The time found for these liquids and a few solutions also, was talrai 
as the guide in the rate of formation of drc^ in the case of urine 
(10 mia 20 secs.) except when the variations of surface tension with 
time was the subject of sti^dy. 

There is another factor to whidi attention has to be drawn. 
Namely, the evaporation of the drop during the process of formation. 
In order to prevent evaporaticxi taking place the end of the Stalagmo- 
meter is passed! through a stopper which fits into the neck of a small 
bottle. The bottle contains a little of the liquid under test, which 
saturates the space with its vapour. By immersing this vessd in a 
constant temperature bath the Surface tension of the liquid could be 
measured at any desired temperature. 

The values obtained for the surface tension of some liquids 
during preliminary experiments were as ^own below :— 


1. Water ... 71'68 dynes/ctn. 

at20“C 

2. Glycerol ... 64-8 „ 

3. Benzene ... 28'1 „ 

4. Ethyl alcohol ... 23-5 


72-7 dynes/cm. (From standard 
at 20^0 tables) 

65-2 

27-9 

23-3 


The results show a good agreanent with the standard values. 
In practice the stalagmometer was thoroughly cleaned and dried be¬ 
fore each determination. During the course of the work the surface 
tension for distilled water was determined for verification. 

Experimental. 

The investigatiems conducted may be classed as under :— 

(1) The variations of Surface tension with time. 

(2) Daily variktionB in Surface tensioa 
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(3) Qumges of Surtacse tenakn widi diffeient individuals. 

(4) Rdatioosb^i between Surface tauion and Specific gravity. 

(1) Variation of Surface tensUm with time. 

In this experiment the time of formation of the drops was varied 
and its influence on the Surface tension studied. The range of obser¬ 
vation extends from 30 Secs, to 20 minutes i.e., from drops formed at 
the rate of one for every half minute to one for every 20 minutes. 
The regulation was obtained 1^ connecting the mouth of the stalagmo- 
meter with a short rubber tubing and applying a screw type pinch 
cock to it. By screwing or unscrewing, the ^peed with which the 
drops could be had was related. The number of q>ecimens exa¬ 
mined in this connectkm was 25. 

(2) Daily variations in Surface tension. 

The object of this enquiry was to find out how the food and 
drink affect the Surface tension of urine during the course of a day. 
Samples of urine from ten different individuals were ocamined. The 
specimens from each were obtained in the fdlowing order : 

First morning ^lecimen passed immediatdy 

after rise between 6 & 6-30 a.m. 

Second Specimen passed after light tiffin and tea 10-30 a.m. 
Third Specimen passed after usual meal. 12-30 p.m. 

Fourth Specimen passed after the afternoon tea 2-30 p.m. 
Fifth Specimen passed at 5 p.m. 

(3) Changes of Surface tension of normal urine toith individuals. 

For the purpose of this study only the first specimens passed in 
the morning by 40 normal mdividuals were examined. The surface 
tenrion of the morning specimens being the lowest, as observed from 
daily variations, they were considered most suitable ones for omn- 
parison with one another. 

Results. 

(1) Surface tension—Time experiments :— 

TaUes 1 and 2 show the changes which occur in the values of 
Surface tenuon of urine with time. The same have been idotted 
graphically to illustrate the nature of the diange. (Graphs 1 & 2.) 
The results confirm the observations of Perryman and Selous. There 
is a similarity in the shape of the curves and there ai^iears to be 
cmclusivdy a logarithmic rdatkmship between time and Surface ten- 
siop. The rdationship is 

T = To —Klog.t 

where K = Constant 
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The value of this Constant varies with individuals and remains the 
same for the same individual. The results lead to the conclusion 
diat the structure of the surface is constantly duinging and tending 
towards equilibrium. By extrapolation of the Suriace tension log. t 
curve, the dynamic value of the Surface tensioi' is found to lie bet¬ 
ween 68 and 70 dynes/cm. 

The characteristic results of daily variaticms of Surface tension of 
normal urine for a given individual of three males have been recorded 
in taUe 3. Gr:qA 3 riiows its gra{^ic r^nesentation. In general the 
Surface tensi(xi in the morning is the lowest. This fact has been 
noticed by several workers. Thai there is a steady rise, reaching a 
maximum by noon, the highest value recorded being 69-8 dynes/cm. 
Towards the close of the day this again declines. However, these 
fluctuations are not governed by any mathematical law. Nor are 
they the same for all subjects. 

In regard to the Surface tension of urines of sevaal individuals 
mentioned in the experimental part there appears to be no agree- 
moit at all. Table IV gives 18 of the readings recorded. One point 
emerges clearly. The minimum value of the Surface tension varies 
within certain limits, 62 to 69 dynes/cm. 

About the Surface tenaon,^ specific gravity of normal urines 
the two do not appear to be corrdated. In one set where the fluc¬ 
tuation of specific gravity was between 1-007 and 1-014 the normal 
distribution of Surface tenaon value was betweoi 68-74 to 59-82 
dynes/cm. In a seccmd set, when the range of change of ^ledfic 
gravity was from 1-016 to 1-023 the surface tension values lay bet¬ 
ween 68-9 and 54-3 dynes/cm. and so on. Again even when the 
specific gravity remained the same in some cases, the Surface tension 
value had altered. There is, therefore^ little reason, to attribute any 
relationship of Surface tension with qiecific gravity as Schemoisky' 
does. 


Osmotic Pressure. 

Record will be made in this section of the results of work done 
on the osmotic pressure of noonal urine under different jrfiysiological 
pnnriitwwB. The iBSults are iraportaflt as they will throw ligjit on th® 
nature of contrd of the kidneys in the maintenance of the normaP 
osmotic pressure of blood. This subject received earliest attention 
riating ba«* to 1897, when Von Koran^» worired <mi this i«oWem and 
on the results of his work su^sested its ai^dication to dU^nostic pur¬ 
poses. 
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I^THQDS. 

Direct determinations of the oemotk pressure are difficult and 
cannot be undertaken conveniently owing to manipulative difficulties. 
Among the indirect methods available, the most important are those 
dqjending aa the determinations of vapour pressure, the boiling point 
and freezing point of sdutirms. A very ddicate thermocouple m^od 
has been recoitly developed by Prof. A. V. Hill* which can be applied 
to biological liquids to be had in miall quantities (less than 1 c. c.) 
Bqt the apparatus is rather daborate. The manipulative and other 
difficulties predude its use. 

The freezing pdnt determinatms are po'formed with greater 
ease than determinations of vapour pressure. The boiling point me¬ 
thod has to be ruled out in the case of physiological fluids. Thus the 
freezing point method is the most common used in i^ysiological and 
medical practice. 

The theory of this method has been thoroughly studied and the 
osmotic pressure is obtained from the relationship. 

P = 12-06A —0-021 A* 

Where A = Depression in the freezing point 
of the solvent and P = the osmotic pressure. 

Harris and Gortner have published a table giving the values 
of osmotic pressure for various values of A- 

In order that the values obtained for osmotic pressure from mea¬ 
surements of depressions of freezing point of a solvent be rdiable 
several precautions have to be observed. The Beckmami apparatus 
has been constructed taking into account, and diminating, the com- 
mcMi sources of error in measurement Apart from these, there are 
others which have to be considered. For exaiiq)le, when the mercury 
colutim of the thermometer contracts, on the solution being cooled, 
it somdimes sticks in places, and therefore the column breaks, and 
an accurate reading of the freezing point cannot be measured. This 
can be prevented by tapping the stem of the thermometer frequoitly. 
Genoally, when the tonperature of the soluticxi is lowered, it will 
readi some degrees below the actual freeing point of the solution 
tiefore it freezes. In other words super cooling of the scdutuHi takes 
place before freezing occurs. The moment at which freezing of the 
solution sets in can be observed generally by the behaviour of the mer- 
cury^oolumn in the thermometer. When super cooling of the solution 
occurs freezing is accompanied by an expansion of the mercury column 
and the temperature of the solution rises rsqudly until true freezing 
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p(^ is reached. The tnaximum value so attained should be taken 
as the freezing point together with a conection factor. This correc¬ 
tion to be ai^ed to the freezing piunt has been cala;(lated by H. C. 
Jaws for every degree of super cooling. This correction is 1/80 of 
the observed a feu* every degree of super cooling, and it must be 
subtracted from the value recorded. In practice it was found to be 
inadvisable to cool the liquid below two de^^rees of its actual freez¬ 
ing point. Freezing could be initiated at any stage by dropping in, 
at the right moment, a small crystal of ice or still better a glass bead 
in the hollow of which water was previously frozen to ice. 

Experimental. 

DaUy variations of osmotic pressure 

The first class of experiments ccmducted pertained to a study of 
the variations in the osmotic pressure of urine during the course of a 
day. These variations have been suggested by the works of investi¬ 
gators in this line. Samples of urine were collected as in the case of 
Surface tension measurement dealing with its daily variation in indivi¬ 
duals. The hours of collecticm were as under : 

First Specimen collected between 6 Si 6-30 a.m. 

Second Specimen collected between 8 & 8-30 a.m. after tea. 

Third Specimen collected between 10 & 10-30 a.m. after glass 

of water. 

Fourth Specimai cdlected between 12 & 12-30 p.m. after lunch. 

Fifth Specimen collected between 2 & 2-30 p.m. tea only. 

Sixth Specimen collected at 5 p.m. 

Thus from an individual six specimens were in all collected and 
examined. The nature of the meal taken was almost the same in 
the cases examined. The total number examined like this numbered 8. 

Fortnightly variations in the osmotic pressure of urine. 

With a view to finding out whether* there was any periodic varia- 
tkm in the osmotic pressure of urine mpming ^lecimens from the 
same individual for a fortnight were cdlected and examined. 

Five individuals were sdected iar this purpose. As the results 
did not tning to light any r^fular or poiodic or characteristic varia- 
tkxis only a small luimber of cases was examined. The diaracteristk 
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curve obtained fw an individual has been sfiown in Graph (4), Table 

( 6 ). 


Osmotic pmsttre of urine 


for d^i 


ererU individuals. 


The qjedmens of urines examined in biis connection were obtain¬ 
ed after the usual meal of the subjects usually at 12 noon. The tuun- 
ber of subjects esanuned was sixty-five, and the results of 18 are re- 
ocMxled in TaUe (7). 


Results. 

The results of examination on the changes in osmotic pressure of 
normal urine show that there is no ddinite law of variation. As shown 
by the Graph (5) the variaticm in a occurs between wide limits; 08 
to 1*8°, 1-2 to 1*6° and so (Hi. The graph also reveals the fact that 
the concentration of the urine is maximum at noon and therefore 
depression in freezing point is greatest. Towards the close of the 
day the osmotic pressure of urine diminishes. These large variatms 
show that the kidneys function in su(di a matmer, throwing out more 
or less concentrated urine according to the contents of Mood, that the 
osmotic pressure of the latter is kept fairly unifcnm. 

Graph (5) also shows that the daily changes of oanotic pressure 
vary in different individuals having more or less the same diet and 
conditions of living. 

TAm£ I-SHOWINC CHANGES IN SURFACE TENSION OF 
URINE WITH TIME. 


No. 

Time in 
seconds 

log.t 

Tension in 
dynes per 
cm. 

No. 

Time in 
seconds 

log.t 

Tension in 
dynes per 
cnu 

B 


1-48 

63*52 

7 


2*48 

59*99 

H 


1-78 

62*37 

8 


2*54 

59*78 

B 


2-0 

61*62 

t 

9 

425 

2*63 

59*48 

B 


218 

61*01 

10 


2*70 

59*24 

5 

ilHHlii 

2«30 

60*60 

11 


2*78 

58*97 

6 

2*38 

60*33 

1 

12 

720 

2*86 

58*7 
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Graph 1.— Shoving Surface Tendon diange of urine with time. 


TABLE II-fiHOWING CHANGES IN SURFACE TENSION Cff 
URINE WITH TIME. 



log.t 

Tenidon in 
dynes per 

265 

60*22 

2*78 

59*77 

2-86 

59*49 

2*9 

59*35 

3*0 

59*0 

3*04 

58*86 
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TABLE III-SHOWING OUNCES IN SURFACE TENSION 
OF URINE DURING THE COURSE THE DAY. 




S.T. 

in dynes per cm. 

No. 

Hours 


Subject 


I 

11 

m 


' 6.00 A.M. 

638 



1 

- 6.30 A. M. 


64-7 



. 7.00 A. M. 



63-0 


r 6.00 A. M. 


67-4 


11 

• 10.00 A. M. 


68-0 

65-60 


.10.30 A. M. 

67-58 




'12.00 Noon 


69-61 


III 

■ 1230 P. M. 

69-8 


69-02 


. 2.00 P. M. 


69-0 


IV 

r 230 P. M. 

1 430 P. M. 

68-6 

65-43 

68-35 

V 

5.00 P. M. 

660 


65-52 
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Graph 3.—Showing daily changes in Surface Tension of Urine. 


TABLE IV—SHOWING SURFACE TENSION OF URINE FOR 
DIFFERENT SUBJECTS. 


No. 

S. T. 
dynes 
per cm. 

No. 

S. T. 
dynes 
per cm. 

Na 

S. T. 
dynes 
per cm. 

1 

63-84 

7 

67-65 

13 

62-31 

2 

6S-62 

8 

66-Q 

14 

67*45 

3 

66-34 

9 

65-45 

15 

66-83 

4 

67-72 

10 

69-32 

16 

68-29 

5 

6S-54 

11 

66-74 

17 

67-70 

6 

69-42 

12 

68-41 

18 

68-32 



Graph 4. —Showing osmotic pressure changes in Normal Urine over 14 
days. 


TABLE V—SHOWING DAILY VARIATIONS IN THE OSMOTIC 
PRESSURE OF URINE. 


Depression in Freezing Point in X. 


ect 


Hour 



I 

f 600 A. M. 

0*82 

{ 6-30 A. M. 


1 7*00 A. M. 

... 

r 8*00 A. M. 

1*24 

1 8*30 A. M. 

... 

f 10*00 A. M. 

1*10 

t 10*30 A.M. 

... 

( 12*00 Noon 

1*79 

1 12*30 P.M. 

•• 

f 2*00 P. M. 

1*68 


VI Vn VIII 


0-74 


5*00 P.M. 
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TABLE VI—TO SHOW THE CHANGES IN OSMOTIC PRESSURE 
OF NORMAL URINE OVER 14 DAYS. 


No. of days 

1 

2 

3 

4 

5 n 

6 

7 

Depresdon in F. P. 

115** 

1-54“ 

1*50° 

1*40° 

1-45° 

1-68" 

1-66® 

No. of days 

8 

9 

10 

11 

12 

13 

14 

Depression in P. P. 

1-30“ 

1-50° 

1-59° 

1*54® 

1-68“ 

1-74® 

ISO® 


TABLE VII—TO SHOW THE OSMOTIC PRESSURE OF NORMAL 
URINE FOR DIFFERENT SUBJECTS. 


No. of persons 1 

2 

3 

4 

5 

6 

7 

8 

9 

Depression in F. P. 0-82° 

i-ir 

1-24® 

0-92® 

OSS' 

1.8“ 

0-76“ 0-74“ 

1*02® 

No. of persons 10 

11 

12 

13 

14 

15 

16 

17 

18 

Depression in F. P. 1*14® 

0-94° 

0-79° 

1-05® 

o-ea” 

0-98“ 

0-94“ 1-23“ 

117“ 











14 


JOURNAl. OP THE UNIVEESTTY OP BOMBAY 


Summary and Conclusions 

The Surface tenaioo and osmotic pressure of normal healthy urine 
under different conditions both physical and physkdogical have been 
studied. 

The surface tension has been measured employing a stalagmo- 
meter uring the more accurate formula. 

W = mg.= 2ir r T ^ where ^ = constant and it varies 

between 0‘76 and *95. 

For the measurement of osmotic pressure the freezing point me¬ 
thod has been employed. And in the determination of A allowance 
has been made for the super cooling of the liquid and the correction 
suggested by Harry C. Jc»es has been applied. 

That the Surface tension of a sample of normal urine varies with 
time has been observed. Also there is a definite law of change; for 
the curves are logarithmic as suggested by Perryman and Selous. The 
lelatimi is of the form 

T = Tr-K log t 

where K varies from subject to subject but remains constant for the 
same subject. Variations in the surface tension of urine during the 
course of the day on normal subjects show that there is no definite law 
of variation. But the S. T. of urine of the 1st morning specimen 
is minimum. 

There is little reason to assume any relationship between Surface 
tension and Sp. gr. of urine, which has been studied. Hence the view 
of Schemensky cannot be supported. 

The osmotic pressure changes of normal urine during the course 
of a day have been given in terms of a, the d^ressicxi in Freezing 
Point. There are wide limits of variation, for example, from A of 
0-8® to that of 1'8® during 12 hours. This shows there is a ccmstant 
diange in the molecular cmcentrations of solutes and Cdloids of urine. 
The ingesticm of food and drink affects the depression in freezing 
point of urine in such a manner, it seems, as to keep the d^ression in 
freezing point of blood uniform. 

The fluctuations in a of normal urine of a given subject for 14 
days have been examined. Althou^di the limits of variations are not 
wide apart, still the changes are not cyclic. In other words they are 
irr^iular. 

The author desires to record his indebtedness to Prof. S. P. 
Niyogi, at whose instance the problem was taken up for investigation 
and to Dr. Jiviaj N. Mdita for the facilities given in the conduct of 
this inquiry. 
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BACTERIAL LEAF-SPOT OF SOYBEAN IN BOMBAY 

By 

B. N. UPPAL, PHX>. 

Plant Paihologfst to the Bombay Government, 

M. K. PATEL, PH.D. 

Assistant Professor of Mycology, College of Agriculture, Poona, 

AND 

M. N. KAMAT, M.sc. 

Assistant Mycologist, Bombay Department of Agriculture. 

Soybean, Sofa max (L.) Piper, is a crop of recent introduction 
into this country and is now cultivated on some of the agricultural 
stations in the Bonibay Presidency. A leaf-spot disease was observed 
in 1934 on the Jalgaon Farm where it was found to be doing consider- 
aUe damage to the crc^. From microscopic examinatm the disease 
appeared to be ctf bacterial origin, and an organism was ultimately 
brought into pure culture from lesions on leaves. The description of 
the disease and the results of a study of the morphology and bioche¬ 
mical properties of the organism are brie&y described in the following 
pages. 


Symptoms 

L 

The lesions on leaves, (xi first appearance, are minute, chlorotic 
areas, which slowly turn sanford brown and are slightly raised in the 
centre. In young spots the raised centres may be seen on both sides 
of the leaves. These intumescences rupture the q>idermis and finally 
shrivel and dough off- The mature lesions or qrots vary in nze frcxn 
minute wrecks to large brown areas, which latter measure about 2 mm. 
and are caused by the fusion of smaller -lesions. These epabt are usu¬ 
ally surrounded by ydlow borders. Heavily infected leaves i^ema- 
turdy turn ydlow and drop <^. 

The disease is also noticed on petioles and stem where it usually 
takes the iorm of long, narrow streaks. Infectkm of leaf-veins some¬ 
times takes place. Pods have never been found to be infected under 
natural oonditioDS. 
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Pathogenicity 

The* organism was rqieatedly isolated from lesions on leaves of 
soybean by the dilution-idate method, and yello\^ circular colonies 
were visiUe in 4 to 7 days on beef agar and in 3 to 5 days aa potato- 
dextrose agar, at 26-27*C. 

In order to test the pathogenicity of the organism isolated from 
the lesions, soybean seedlings were inoculated with a suspension of 
the organism by means of an atomizer, and were then k^t moist 
uixler a bdl-jar at 26-27°C. Inoculations were invariably successful, 
lesions appearing on the leaves in six days. The organism was re¬ 
isolated from the lesions. Infection of the following seventeen varie¬ 
ties of soybean was readily achieved : Biloxi, Chiquita, Dunfidd, Easy 
Code, Haberland, Hahto, Higgan, lUini, Laredo, Mammoth Brown, 
Mammoth Yellow, Manchu, Mansoy, Ootantan, Peking, Rdesum and 
Virginia. 

In order to test th4 host range of the organism the following 
leguminous plants were inoculated simultaneously: Pisum sativum 
L., Lathyrus sativus L., Cajanus indicus Spreng., Cicer arietimm L., 
Phaseolus mungo L., Phaseotus radiatus L., Vtgraa catiang Walp. and 
Medicago sativa L. The plants were kept moist after inoculation by 
covering them with a bell-jar. In no case did any of the plants get 
infected. 


The pathogen 

The organism is a short rod 0-5 to 0'75 X 1-25 to 2-25 ; mostly 

single but somdimes in chains of two to three; motile by polar 
flagella ; without any ^res or capsules; Gram-negative and not acid- 
fast. 

On potato-dextrose agar colonies are small, circular, with entire 
margins, smooth, slightly raised, pale yellow. Growth in beef bouillon 
is moderately clouded, with a viscid yellow precipitate, forming a 
yellow pellicle, exhibiting aerobism. The optimum temperature tot 
growth is 26—SO'C.; no growth at 37®C. Thermal death-point is 
48‘’C. for 10 minutes. The organism liquefies gelatin and has a strong 
diastatic actkxi on starch (as seen from copious growth on potato 
cylinders) ; it does not reduce nitrate or produce indol. Tt makes no 
growth in Cohn’s, Usefainsky’s and Meyer’s solutions. It reduces 
litmus milk. No gas is produced in Difoo peptone water with the 
addition of dextrose, gluoos^ lactose, laevulose, galactose, raffinos^ 
dextrin, mannitol, salidn or glycerol; whilst add is produced from 
dextrose, galactose or gfuoose. The oiganism makes good growth on 
GQtnei's coi^ red agar ahd absorbs the red from the mivlnim 
J.v.a.v—c. 
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It is sqjpareot fraia the above deacriptioa that the moiphcdogy 
and Uochenkal tMoperties and cultural features of the organism iso¬ 
lated frc»n soybean at Jalgaon resemble those of 'Phytonumas pkaseoli 
var. sojmse Hedges. The ^mptoms described by Hedges (1924) on 
soybean are also similar to those obsoved by us chi this host. 
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A STUDY OF THE EFFECT OF AMIDOPYRINE ON THE 
BLOOD MORPHOLOGY & LEUCOCYTOGENESIS IN RATS.* 


By 

A. S. PARANJPE, M.D., Ch. B., D.T.M. & H. 
and 

S. V. KANITKAR, M.B., B.S. 

(Pharmacohgy Department, Seth G. S. Medkd Coikge, Bombay). 

In 1922, Schultz described a malady with the following essential 
characteristics : Onset yearly alwa3rs brisk with fever, general malaise, 
symptoms of toxi-iniection, angina with necrotic ulceration of the buc- 
copharynx passing on to gangrene, nearly complete absence of glan¬ 
dular conH)licatioQS or of ^lenomegaly, diminution in the number of 
leucocytes, particularly granulocytes which may even completely dis¬ 
appear from the blood, thus showing a deficiency of the bone marrow; 
but tile number of red corpuscles, bloodplatdets, bleeding time and 
coagulation time remain normal apd there is an absence of all hemor¬ 
rhagic syndromes. The leucogranulocytopoiesia is the only bone- 
marrow function at fault. Termination is nearly always (in 90%) 
fatal.i In 1930, however, Rutledge and others called attention to 
benign types of leucopenia with and without mucous membrane lesions 
and having a tendency to recur.* Before Schultz several cases of fatal 
pharyngitis with leucopoiia had been reported but it was he vdio first 
described it as a clinical entity and called it agranulocytosis. It is 
now known also by other names like malignant neutropenia, (primary) 
granulocyt<H)enia,* and in 1923 Friedmann called it agranulocytic 
angina. But the gangrenous lesions are not always localised to the 
buccc^liarynx. One may find them in oesof^iagus, gastrointestinal 
tract, vulva, vagina or even in the liver. Schultz thoui^t that it was 
a disease caused by a q)ecific microbic agent and scnne others also 
todc the view that infection was primarily reqxmsible for the failure 
of the loicocytogen^c function of the bone-marrow, while others 
that the marrow failure was in’imary and that the visible lesions were 
the consequence of the failure of the defensive mechanism, normally 

* The expenses of this work were met from a fund contributed by two 
of the members of the Honorary staff of the K. E. M. Hoqrital. 
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saprophytic bactena attaddng the tissues in a situatioti Nfaere they 
are always present in abundance.* The latter view is supported by 
the observation that extrenoe granular leuoopenia preceded the appear¬ 
ance of synqitoins and lesions. Thus the leuoopenia (neutropenia) 
appears to be the cause and not the result of the bacterial invasion. 
The correctness of this view is also proved by the later observations. 

No one organism has, so far, beoi found to occur constantly <»:. 
even more frequ^y in the clinical lesions. The role of microbic 
infection is still under discussion, but an analogous blood picture is 
said to have been experimentally produced in the rabbit with the toxin 
of streptococcus viridans. Atrof^y of the bone-marrow may also 
result from radiotherspy. There is a predilection of the disease for 
the female sex and the frequent occurrence of the attacks at the men¬ 
strual periods has suggested a possible but entirely hypothetical hor- 
monic dysfunction.” However, much of the available evidence points 
to intoxication, either professional or medicamentous. It may be 
professional, where benzol or its derivatives, bodies eminently toxic 
to granular leucocytes are used. Kracke has been able to reproduce 
the clinical picture experimentally in rabbits by the use of benzene and 
other drugs ocmtaining the benzene ring, and he has suggested the 
etiologic importance of these drugs in the producticxi of this disease. 
It has also been ^own that exposure to benzene of human beings 
causes, in some, a marked depression of the bone marrow, with es¬ 
pecially a marked effect on the granulocytic centres. Well suggested 
that the incidence of benzene poisoning has been increasing with the 
increasing use of benzene in industry. Likewise the apparent increase 
in the incidence of granulocytopenia parallels the increasing use of 
benzene derivatives and similar drugs. But cases of granulocytopenia 
have undoubtedly occurred in which no drug has been taken.* No 
explanation is known in such cases. Here the hypothesis of Miller & 
Rhodes which points to the defitiency of some special dietetic factor 
may be of practical interest.* 

Still, the evidence incriminating a certain group of drugs is ex¬ 
tremely strong, and they must be considered as etiological agents. 
Amidopyrine is one of them. It is a pyrazolon derivative pre¬ 
pared by Stolz in 1893 and pataited in Germany in 1897 under the 
proprietary name " pyramids.” It is. derived from antipyrine and is 
structurally similar to it. Scxxi after its preparation, it was used 
clinically in Germany and has since been in use there as an analgetic, 
antipyretic, and in recent times for the treatment of acute rheuma¬ 
tism, in place of or in addition to salicylates. But very few cases of 
almnulocytosis, fdlowing its use, have been rqxxted from that coun¬ 
try. Dennig^ studied the eff^ of amidopyrine treatment in more 
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than 500 cases and followed the blood picture of 50 cases receiving the 
drug but no case of agranulocytosis occurred in his series, thous^ some 
patients had exanthems from the use of the drug. Many cases have, 
however, been reported from America and Scandipsvia. In Denmark 
amidppyrine was not mudi used till 1925 and agranulocytosis was re¬ 
cognised there in 1934 and now it is there a dreaded disease, as, in 
the period from 1933 to 1935, there have been 39 deaths from it It 
is stated that amidopyrine even when used in, what is considered, a 
conect dosage has produced more cases of granulocytopenia than any 
other drug in commmi use in Medicine According to Herz,* in 1934, 
500 cases of agranulocytosis were on record, the inaease in the num¬ 
ber of cases on record closely paralleling the increase in the use of 
amidopyrine within recent years. Plum” has mentioned 128 cases 
in whidi the disease was associated with one or more doses of amido¬ 
pyrine. The cases recorded in the literature have arisen after doses 
extending from a single dose to the continued use of the substance 
foi weeks or months, ^he devdopment of agranulocytosis in these 
cases cannot be merdy accidental and that the administration of this 
remedy has actually caused the disease can be demonstrated only by 
showing that amidopyrine in therapeutic doses produces granulocy¬ 
topenia in the patient after his blood picture lias returned to normal. 
This has been done by Plum and other workers, and recently by 
Holten.^® 

Though these experiments in patients recovered from an attack 
of the disease show its connection with amidopyrine, the attempts to 
produce it •experimentally in animals have not been very successful. 
Kracke failed to produce it in rabbits by the feeding of amid<^yrine. 
Madison and Squierii produced a drop and antemortem disappearance 
of granulocytes in a rabbit with large doses of allonal (a combination 
of alurate or allylisopropylbarbituric acid with amidc^yrine) but 
failed in other 17 rabbits. Hoffman, Butt & Hickey^* obtained some 
dq>ression in rabbits, but they give no details in their prdiminary 
report. Herz” states tliat his work pc^ts to amidopyrine as having 
a definite effect (xi the myeloblastic tissue dmilar in man and in 
rabbits, but the details of his work are not available. Further, he 
criticises other workers for having classed barbiturates and amido¬ 
pyrine among the baizene ring derivatives and point out that the bar¬ 
biturates contain an iiKXHnplete purine ring and not a benzene ring. 
According to him amidopyrine also should not be called a benzene 
ring derivative, though there is a phenyl radicle present in its side 
chain, because pyrazr^on is the active dement of the drug. He con- 
uders the NH component of the ring as the toxic dement, r^rdless 
of whether it remains as NH or whether H is ref^aced by another 
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radicle, such as in andpyrine ot amidopyrine. 

All these previous esperiments have been perionned on rabbits. 
We have attempted to study the effects of amidopyrine on the blood 
ccmdition of rots by the method employed by Smith & Hambourgeri* 
to study the effects of another antipyretic (aoetanilid) on the Mood 
moridx)logy. We gave repeated (daily) doses of amidopyrine for 
three to four naonths or longer to ten rats, while five other rats (Nos. 1 
to 5) were idaced under identical (dietetic and other) conditions to 
serve as controls. Our observations consisted of determinations of 
hamogiobin, erythrocytes, leucocytes including differential counts, 
reticulocytes in their Mood at frequent intervals. A record of their 
weight was also kept as it is an indication of the well-being of the 
animals. 


Experimental 

Young adult animals, males and females, were used. They were 
individually caged and weighed once a week. The daily dose of 
amidopyrine was given to the rats with a syringe and a rubber cathe¬ 
ter, while the control rats received no drug. Doses which did not 
produce any other immediate toxic action of tire drug were selected for 
administration, because doses of 25 mgm. and more per kg. wei^t 
of the animal were found to reduce their normal temperature. There¬ 
fore, smaller doses (not having this effect) of 20 and 15 mgm. per 
kg. were employed for daily administration. Five rats (Noe. 6 to 10) 
were given daily doses of 15 mgm. per kg. and the other five (Nos. 11 
to 15) were given 20 mgm. per kg. per day. This latter dose cor¬ 
responds to a dose of 14 gm. for an adult human being of 70 kg. 
weight. The administration was continued, at least, for three mmiths 
and after three memths three rats, one from each group, (control, 
group on the smaller dose, that on the larger dose) were killed and 
their bone marrow from the thi^ bone was examined. Similarly 
selected rats were killed at intervals, while the remaining rats (ex¬ 
cept the controls) cemtinued to receive the drug. Thus the duration 
of the treatment in the case of surviving animals was about five 
months. 

Blood samples were obtained by clipping the tail with precautions 
to prevent, as far as possible, infection and undue loss of blood. In 
fact, we found it necessary to starve the animals from the previous 
evening to obtain a sufficient flow of blood for our work. Haemoglobin 
was determined by Haldane’s ((lower’s) haemoglobinometer, the cor¬ 
puscles were counted in the Buerker type of counting chamber. 

' All the animals gained weight during the period of the 

experiment, includiitg the one (No. 8) that died of pn«iTn »ni=^ It 
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had lost its wei^t only during the wedc preceding the death. iReticu- 
locyte counts of all remained practically constant during the ^ole 
period. No significant, r^lar or constant change was observed in 
the red cdl count or in haemoglotnn percentage. Hemoglobin percen¬ 
tage, more or less, fell in all except three rats (Nos. 13 to 15) which 
received larger doses. The results of the red-cdl counts were very 
irregular. The white cell counts, however, showed great variations, 
but these do not appear to be due to the drug, as they were also ob¬ 
served in the controls. In many cases the total white cdl counts 
rose in tlie average percentage of polymorphs whichl was about 15% 
at the outset rose to about 20% at the aid of the experimaital period, 
while the average percentage of tlie lymphocytes whidi was about 75 
to 80 per cent fell to about 70%. Only three rats showed a marked 
variation. Rat No. 4 (of the controls) showed a t^porary rise in 
the polymorphs (from 15%—20% to about 52%) with a correspond¬ 
ing fall in the lymphocytes (from 70% to 44%) on the 100th day. 
Rat No. 8 died of pnedmonia and before death the polymorphs in 
its blood increased to 64 %, while the lymphocytes dropped to about 
22%. Rat No. 9 also showed an unexplainable polymorpholeucocytosis 
(49% with 44% lymphocytes) about the 145th day. B(Hie marrow 
was not examined at the banning and the bone marrow examinatiems 
were not numerous enough to enable us to draw any conclusions, but 
they give an impression, if at all, of a slightly increased leuccpcnesis, 
and in some preparations there appeared to be a corresponding dimi- 
nuticMi of erythropoiesis. But in no case was there any indication of 
a diminished leucopoiesis. 

Comments 

In our experiments we did not observe any sign of a depression 
of the leucocytogenesis and, in this respect, they agree with those 
of Kracke and of Madison & Squier. The latter workers could pro¬ 
duce a drop and antemortem disappearance of granulocytes (after 
allcHial) in only one rabbit but failed to change the blood picture in 
the oth^ 17 rabbits. Kracke had administered 5 to 10 grains amido¬ 
pyrine daily by mouth for 45 days and obtained a persistent leucocy- 
tosis, while he obtained leuoopenia in rabbits after the administration 
of benzene and certain other drugs. Hoffmann, Butt and Hickey** 
obtained some depression after very large doses (from 0-2 to 0*9 gm. 
per Kg. weight) of amidepytine, while our doses emresponded to the 
medicinal doses of the substance. The results of Hdten*** and his 
oo-worioers, published after our experiments were oonpleted, also agree 
with ours in that no granulopenia was observed by them after admiitis- 
tering amidepyrineindoeesof 2-5 to 250 mgm. per day to 26 raUtdta 
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and 2 guinea-];^ Thus the attonpts to prodooe gtanukipenia in 
aninwla have, SO far, not been very successful and have not supplied 
any certain evidence of the etkrfogical inQ)ortance of amidof^nine. But 
this is not surprising when one considers the enormous amount of 
amidopyrine consumed and the rdatively few individuals afflicted 
with agranulocytosis, as shown by Dennig’s^ observatirms already re¬ 
ferred to. One is therefore forced to the conclusion that it is the re¬ 
sult of a constitutional oondititm (idiosyncrasy-congenital or acquir¬ 
ed) in certain patients rather than of a universal acti<m of the drug. 
Schittenhelm^* explains the relative absoKe of this conflicticx) in Ger¬ 
many by assuming that this idiosyncrasy to amidopyrine which leads 
to agranulocytosis is very rare in that country. 

Amidopyrine is known to be one of the drugs liable to produce 
idiosyncratic reactions fairly often. The possiUe questi<m that would 
arise is whether granulopenia can be recognised as an idiosyncratic 
symptom, as it is not a hypersusceptibility to the ordinary, for instance 
analgesic and antipyretic, actions of the drug. The ccrnnon types of 
idiosyncrasies maitioned in the boc^ refer to conditions of ricin, 
mucous membranes, circulatory reactions, even retinitis and hqiatitis 
(SoUmatm*^), but according to Schilling^ blood pictures similar to 
those in agranulocytosis may be obtained experimentally in anaphy¬ 
laxis. At present it is not possible to draw a sharp line between the 
anaphylactic reactions and idiosytKratic reactions, as both have much 
in common. Holten,io in his recent paper, has discussed this ques¬ 
tion and suggested that agranulocytosis may be a kind of Arthus 
Hienomenon. He also tried to transfer idiosyncrasy passivdy but 
failed. 

Although our experiments were undertaken to find out the etio- 
logic importance of amidopyrine in the production of agranulocytosis, 
a brief reference may be made to the other changes observed in our 
animals. The changes in the red counts were too irregular to need 
any comment. The drop in the haemoglobin percentage was not ob¬ 
served in three of the animals receiving the larger dose. This agrees 
with the signs of diminished erythropoiesis observed in some bone- 
marrow preparations. The changesi were not marked and since they 
were not observed in some of the animals receiving the larger dose, 
the anaemia is probaUy not of the type observed by Rhodes and Miller 
in dogs fed on a pdlagra producing diet and amidopyrine. 'The rigns 
of a slight increase of leucopoiesis observed in the marrow pr^iarations 
agree widi the small increase in the percental of polymorphs seen in 
the blood of all the animals. It may be a reactim to the injury and 
,9ome mild infi^fliiMt caused the clipping of the tail. Butthiswould 
^ leuoocytosis observed by Kradke in his ex- 
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periments. The much greater increase of polymorphs in two rats 
(Nos. 4 & 9) was probably due to some intercurrent infection, and it 
was still greater in the one (No. 8) that died of ftt^eumonia. These 
instances show that the bone marrow of the animals receiving amido¬ 
pyrine, instead of being depressed, was still capable of reacting by 
increased Ieuooc 5 rtogene 8 is. Further work is necessary to elucidate 
the other changes, like anaemia and leucocytosis, observed in the ex¬ 
periments. 

Summary 

1. Granulocytopenia appears to be the primary cause of agra¬ 
nulocytic angina and other gangrenous lesions. 

2. Much available evidence points to intoxication—professional 
01 medicamentous, to be the cause of the disease, at least, in most of 
the cases. 

3. The evidence incriminating certain drugs as etiological agents 
is very strong and the use of amidopyrine has produced more cases 
than any other drug in common use. 

4. A therapeutic dose of amidopyrine produces granulocytopenia 
in patients recovered from agranulocytosis, but the attempts to re¬ 
produce the disease experimentally in animals by administering 
amidopyrine have not been very successful. 

5. Our experiments on rats are^ reported. No granulocytopenia 
was observed in any of the ten rats given amidopyrine daily for more 
than three months. 

6. There is evidence indicating that granulopenia is not the re¬ 
sult of the ordinary toxic action of the drug and that it is an idiosy¬ 
ncratic reaction. 

7. It is not yet known whether, besides intoxication, dietetic, hor- 
monic and other etiological factors are associated in the production of 
granulocytopenia. 

8. Further work is necessary to solve these questions and also 
to elucidate the other blood and bone-marrow changes observed by us. 
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STUDIES IN F(ETAL STOMACH AND APPENDIX 


(End. 4 figures) 

By 

Prof. R. C. MOTWANI, M.S., F.C.P.S., Anatomy Department, 

Grant Medical College, Bombay. 

During the year 1936-37, I had an opportunity to receive dead 
foetuses of varying ages. These I dissected to prepare several speci¬ 
mens for the Embryological Department. 

While doing this worlt, I made certain d)servations as to the shape 
of stomach and the position of appendix, and I believe these throw 
some light on this subject in the adults, and hence this article. 
Tracings have been taken with the aid of Pantograph from the actual 
specimens. 


Stomaph 

Figures I & II are from foetuses of approximately the same age 
viz. about 4 mcHiths. The stomach of foetus shown in figure No. I 
is definitely “J” type. It shows definite formation of the fundus 
which considerably extends above the levd of the indsura cardiaca. 
Pars Pylorica seems to be separated from the pars cardiaca by definite 
notch. Pars Pylorica insensibly leads into the duodenum. Comparing 
the stomach in both cases, the stomach of figure No. II is Disc type, 
the fundus does not rise much above the incisura cardiaca. The demar¬ 
cation betwem the pars cardiaca and the pars pylorica is not apparent 
on the surface. The muscular coats in the first case were thin, while 
in the second case were thick. Figures III & IV are from foetuses 
of approximatdy 7 nrnths age. In figure No. Ill, the ..stomach is 
Disc Type, fundus rises only dightly above the incisura cardiaca, there 
is apparent separaticm between pars pylorica & pars cardiaca, and 
there is slile^t devdopment of pars pylorica. Figure No. IV shows 
ddinite fundus formation and greater devdqiment in the formation 
of the body of the stomach, the pylorus is wider ccHnpared to figure 
No. Ill and gan be se^ to merge in the duodenum. 
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APPENDIX 



Fig I. from (Foetus 4 months old). 



transverse colon 

Fig. II. from (Foetus 4 months old). 
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Fig. IV. from (Foetus 7 months old). 

It is usually stated in Text Books of Anatomy that stomach 
undergoes changes in its lliape and size, with the amount of food, 
change in posture, e.g. erect or reclining, temperament of the indivi¬ 
dual and pressure of surrounding structures. The facts indicated by 
the above figures, point out to the possibUity of a developmental factor 
to be also responsible for the variation in shape of the adult stomach. 

Appendix 

In figure No. I, the appendix is bent on the caxxim and is directed 
to the right, tip lying close to the lateral abdoxninal wall, the position 
of the transverse colon and caecum suggests that second rotation has 
not yet commenced. In figure No. II, the caecum is drfinitely de¬ 
marcated from the transverse colom. Joining of Ileum is clearer and 
appendix is lying parallel and superior to the ascending cdon, which 
is being demarcated from the transverse colon. Second rotation has 
commenced. In figure No. Ill, caecum and appendix have descended 
to the level of the Iliac crest, but appendix is still at right angles to 
the caecum, though its base is not arising from the apex of the caecum, 
but from its medial border. In figure IV, the appendix is bent upon 
itself and recurved, it lies medial and parallel to the ascoiding colon, 
its tip nearer to the right testis. 

The several positions of appendix Suggest that, in addition to a 
primary rotation around the superior mesenteric artery whidi brings 
“ U ” shaped gut from the umbilical sac back to the abdominal cavity 
and secondary rotation which results in the formation of ascending 
colon and descent of the caecum and aipendix from the rig^t upper 
quadrant of the abdominal cavity to the right iliac fossa, certain 
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other movements are also taking {dace in the Ileo Caecal region to 
account for the different portions of the appendix in the adult. 

These are 

(a) A rotaticm along the vertical axis of the ascoiding colon 
and caecum. This will result in the retro Colic posi¬ 
tion, as would be the case in the appendix, figured in 
figure Na II, as also in the appaidix figured in figure 
No. IV, to assume later on mesenteric or splenic or 
anterior abdominal position of the adult. 

{b) An anti-clockwise rotation also very likely takes {dace at 
the base of the appaidix making it assume 11 o’clock, 
7 o’clock, 5 o’clock positions in the adults. 

The rotations are brought about by the mesenteries 
fixing the gut to the posterior abdominal wall. 

My thanks are due to Dr. P. S. Dastur, for having drawn the 
above 4 figures from the actual specimens with the aid of the Panto¬ 
graph. 



MEASUREMENT OF INDIAN PELVES 
By 

Dr. P. S. DASTUR, m. s., Asastant Professor of Anatomy G.M.C. 

Anybody who has taken measurements of female pelves in Obste¬ 
tric Wards of Indian hospitals, must have realised that the measure¬ 
ments in Indians differ from the figures given in English Text Bocdcs 
on the subject. 

At the suggestion of Professor R. C. Motwani, M. s., I under¬ 
took regular and systematic measurements of Indian pelves, both in 
males and in females. Professor' Motwani had also in view the im¬ 
portance of pelvic measurements in Medicolegal cases. 

Most of the pelves measurements were taken from fresh Disscc- 
tion-Room specimens with soft structures in situ. It was not possible 
to get any appreciable numbers of macerated pelves to draw any de¬ 
finite conclusions. On the other hand the measurements of dissected 
parts with soft structures in situ gave us the actual diameters of the 
pelves through which the fcetal head passes during parturition. The 
total number of pelves measured was 106, out of these 87 were from 
Dissection-Room specimens with soft structures in situ and 19 were 
from macerated bodies. Out of 87 from Dissection-Room specimens, 
59 were of males and 28 were of females. 

The measurements given here are from the Dissection-Room speci¬ 
mens only. 

A detailed account of all the measurements of each individual 
pelvis will be too lengthy a procedure here. I intend to give such a 
detailed account in some of the journals of Anatomy at a later date. 
Here I only give averages of some of the measurements, which are 
likely to be of clinical or medicolegal interest. I am also ^ving maxi¬ 
mum and minimum variations that I have oome across. 

All of the pelves measured were of Hindus, except 3 in males 
and 1 in females which bdonged to Christians. No deformed pdvis 
is included in this series. 

All the measurements are given in millimetres. 
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Females. 

Males, 1 

Measurements. 

1 

1 

1 

t 

1 

I 



1 

I 

< 

1 

1 

1. Maximum pelvic height. 

185 

201 

170 

199 

225 

177 

2. Maximum pelvic breadth. 

244 

267 

228 

250 

292 

213 

3. Spinal breadth (between ante¬ 
rior superior iliac spines). 

227 

249 

205 

231 

257 

208 

4. Height of Iliura. 

122 

140 

115 

131 

154 

123 

5. Breadth of Ilium. 

141 

153 

130 

146 

163 

132 

6. Maximum pelvic depth. 

150 

165 

124 

144 

156 

130 

7. External conjugate. 

176 

194 

160 

176 

195 

160 

8. Upper sagittal diameter. 

102 

121 

80 

97 

108 

82 

9. Upper transverse diameter. 

109 

129 

92 

108 

124 

89 

10. Lower transverse diameter (Bet¬ 
ween tips of ischial spines). 

93 

110 

75 

81 

96 

65 

11. Right oblique diameter. 

111 

125 

93 

105 

115 

94 

12. Depth of pelvic basin. 

87 

96 

60 

97 

105 

85 

13. Length of pubis. 

79 

90 

71 

78 

85 

66 

14. Length of ischium. 

66 

75 

57 

73 

82 

62 

15. Transverse diameter of aceta¬ 
bulum 

44 

48 

40 

49 

58 

41 

16. Inner inter tubercular breadth 
(between the inner aspect oi 
ischial tuberosities) 

84 

110 

69 

66 

86 

52 

17. Subpubic angle. 

78° 

104° 

67° 

60° 

77° 

41° 


While comparing the different measurements in females and 
males the fdlowing facts emerge :— 

The averages of maximum pelvic breadth, spinal breadth (dis¬ 
tance between 2 anterior superior iliac spines), depth of pelvic basin 
and the transverse diameter of acetabulum are greater in males than 
in females. 

The averages of maximum pelvic depth, inter tubercular breadth 
jtbetweett iKhial tuberosities), upper sagittal diameter, lower trans¬ 
verse diMMter, oblique diameter, and the subpubic angle are greater in 
females Hmr) ^ noales. The external conjugate is same in both. The 
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average of upper transverse diameter and length of pubic is only <me 
millimetre larger in females than in males. 

It is dear that on the whole the measurement^ the false pelves 
is greater in males. Most of the measurements of the true pelves are 
absolutdy greater in females. Though the difference may not be 
much but ini view of the fact that as a rule, the males have more 
massive built than females, the rdative increase in diameter in females 
will be greater than the absdute measurements show. 

As far as the difference between male and female pelves among 
Indians, following facts emerge :— 

Maximum subpubic angle is 77® in males 

Minimum subpubic angle is 67® in females. 

Maximum transverse diameter of acetabulum is 48 in females. 

Minimum transverse diameter of acetabulum is 41 in males. 

Therefore a pelvis shpwing subpubic angle above 77® cannot but 
be female, while a pelvis showing subpubic angle! under 67° must be 
of a male. Similarly transverse diameter of acetabulum below 41 
must be of female while above 48 must be of a male. 

Comparison of the measurements of female pelves in this series 


with tliose given in Midwifery by Jellet and Mandill. 

English 

figures 

average of 
present series. 

Upper sagittal diameter 

110 mms. 

102 mms. 

Upper transverse diameter 

130 „ 

109 

Upper oblique diameter 

125 „ 

Ill .. 

Lower transverse diameter 
(Between spines of ischium inter- 

98 „ 

93 „ 

spinous) 

265 

227 „ 

Maximum pelvic breadth 

280 .. 

244 „ 

Subpubic angle 

Rt. Angle 

below rt. angle 


It shows that all the measurements are smaller than English 
figures. In upper sagittal diameter there is a difference of 8 mms. 
while in transverse diameter there is a difference of 21 mms. showing 
that thef female pelvis in Indians is not only absolutely but also re¬ 
latively narrower than in English females. 


The pelvic brim index makes this point clear. Pelvic brim index is 

upper sagittal D X100. r .u- i -4 * 

--. In this senes the average as worked out 

upper transverse diameter 

from individual pelvis is 90, while according to figures given above 
in English females, it is 84. 

J. V. B. v.—E. 
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The greater difference between the inter vinous and maximum 
pelvic breadth indicates that in Indian females false pelvis is narrower 
as compared to true pelvis than in Engli^ figures. 

The lower transverse diameter (betweot tips of ischial spines) is 
(mly 5 mm. smaller than in English figures. This shows that lower 
part of true pelvis in Indian females is relatively broader (as compared 
to the upper part) tlian in En^ish females. 

The lower transverse diameter as given in English text bodes of 
Midwifery is between the most distant points of the opposite ischial 
tuberosity. In this series lower transverse diameter is between the 
two ischial spines, while the distance between the two ischial tubero¬ 
sities is given as inter-tubercular breadth. 

The inter-tubercular breadth in this series is far less than given in 
English bodes, lliis is mostly due to the fact that while in English 
books the diameter is between the most distant points of the two 
tuberosities, in this series this measurement is taken between the lowest 
points of the opposite ischial tuberosities. 

In this work I have taken the Laboratory Manual of Anthropo¬ 
metry by H. H. Wilder as my guide. 



THE VIABILITY OF CERTAIN PATHOGENIC 
MICRO-ORGANISMS IN VARIOUS FRESH FRUITS OF 

INDIA 


* A Preliminary Note 
on 

1. The Viability of V. cholerae in Water-melon. 

(Citrullm vulgaris, Schrad., Tarbuz). 

By 

F. R. HHARUCHA, B.A., d.sc. 

Royoi Institute of Science, Bombay. 

& 

K. H. BHARUCHA, BA., B.SC. 

Haffkine Institute, Bombay. 

Introduction. 

It is a matter of common belief that the outbreaks of certain 
epidemics like cholera usually coincide with certain fruit seasons 
e.g. the cholera epidemic is associated in certain parts of India with 
the water-melon season which occurs in the months of March and 
April; the dysentery epidemic with papaya fruits., A similar coinci¬ 
dence between the mango season and a dysentery epidemic is reported 
from Trinidad (Mason ; private comm.). At such times the Public 
Health OfScer is asked to trace the source of the epidemic and to take 
preventive measures for the same. On these occasions the officer 
dQ>ends for smne of his preventive measures (Hi the vague and 
general beliefs of the common people. In the absence of precise 
data as to the possibility of certain pathogenic organians thriving 
on various food-stuffs commonly sold ;n Indian markets aposed to 
all possiUe contamination, this is the <Hily method left to him. 
Consequently the general measure he adopts is the prcffiibition of 
sale of suspected food-stuffs during the epidemic e.g. recently the 

’Paper communicated to the Medical Section, 25th Indian Science 
Gxigress, Calcutta, Jan. 1938, 



36 


JOURNAL OP THE UNIVERSITY OF BOMBAY 


Director of Public Health with the Govemmoit of Bombay had 
prdiibited the sale of water-mdon during a certain festival. 

This lack of'precise sdentihc data on such a vital subject led 
Lai and Jacobs to experimoitally find out the values of certain 
focd-stuffs as culture media for V. diolerae and classify them 
accordingly. Such scientific data so far collected have dealt with 
cooked food-stuffs caily and it was thou^t advisable that similar 
experiments should now be conducted with fresh fruits under con¬ 
ditions as nearly comparaUe as possible to those prevalent in the 
market. 

In the choice of material for experiments attention had to be 
paid to the following considerations : 

(a) Easy access and cheapness of certain fruits whidi are 
readily and in large proportions consumed by the poor class of 
people. 

(b) Whether certain kinds of fruits form good experimental 
material or not, for there are fruits which are easily attacked by 
micro-organisms e.g. papaya ; some show an excessive variability 
of types viz. the mango; and again there are others which are so 
markedly acidic as to be totally unsuitable for the growth of bacteria 
viz. lemons and oranges whose pH are 2-4 and 4-4 respectively.* 

Water-melon was the first fruit to be selected as an experi- 
mmtal material as a case was reported of the only member of a 
picnic party who had eaten a water-melon, having succumbed to 
chdera the next day. Besides, this fruit is very common and dieap 
during the season and is goierally sold in slices by the road-side 
exposed to aerial contamination. 

pH OF THE Melon Juice 

It has been stated by Buchanan and Fulmer^ that V. chole- 
rae can live only within a certain range of pH as stated below :— 

Tabu: I. 


pH’range of V. cholerae. 


Author. 

Min. 

Max. 


H 

DenbY(1921) 

6-4 

7-9 



Fennd and Fisher 
(1919) 


9‘6 


40 
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To verify the above data diolera bacteria were cultivated in 
a graded' series of nutrient broths of different pH-values ranging 
from 4‘2 to 7'1. These experiments conhrmed tlje lower limit of 
the growth of V. cholerae at pH=5-6 as can be seen from the follow¬ 
ing table:— 


Table II. 


pH‘. 

Growth = + 

7-0 

+ 

6-8 

+ 

6-3 

+ 

5-6 

+ 

5-2 

— 

4-4 

— 

4*2 

— 

4r 



It became also necessary to find out at the outset the pH-range 
of water-melon juice at different stages of ripeness. For this ten 
slices of water-melons of varying ripeness were purchased from 
different shops in the market, ranging from very unripe to over¬ 
ripe. pH determinations made of the juice of each slice separately 
are given below :— 


Table III. 


Slice No. 

pH. 

1. 

4-9 

2. 

4-9 

3. 

5-2 

4. 

5-3 

5. 

5*3 

6. 

5-5 

7. 

5-7 

8. 

5-9 

9. 

6-0 

10. 

6-2 


Cholera Strain 


A recently isolated strain was used for the experiments. Its 
purity was ccmfirmed by the usual carbohydrate and protein re- 


All determinations were carried out elertrometrically. 
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actions as wdl as setoiogicaUy i.e. the strain ag^utinated to full 
titre with a mixed Ogawa-Inaba saxim. 

Methods 

The idea underlying all the methods tried was to inoculate the 
melon, either whole or in slices, with a twenty-four hour p^one- 
water culture of V. cholerae, incubating at room temperature and 
obtaining sub-cultures from the inoculated material at intervals of 
twenty-four hours. The slice method was abandoned after one or 
two attempts as it was found difficult to prevent contaminants espe¬ 
cially fungi. The next method tried was to inject the culture into 
the whole fruit by means of a hypodermic syringe. This method 
was satisfactory in so far as pure cultures of V. cholerae could be 
obtained up to 48 hours but had to be abandoned as sufficient juice 
could not be withdrawn for pH determinations. To overcome this 
difficulty, a canula was tried instead of a hypodermic needle. The 
fruit was supported on a beaker with the inserted canula pointing 
downwards in the hope that some juice would trickle down. But 
this failed. 

The method finally adopted was as follows. An area 
was mariced off on the fruit, painted with liquid carbolic acid, wa^- 
ed with alcohol and then with saline. A hole was bored on this 
area with a sterile cork-borer of convenient diameter and plugged 
with cotton-wod. A later modification was to utilize a sterilized 
wide glass tube plugged with cotton-wool at one end, the other aid 
being immersed in boiling paraffin and then fixed into the fruit. 
Thus the fruit could be used like an ordinary culture flask i.e. the 
inoculum introduced and juice removed by means of a pipette. 

The procedure of the actual experiment was as follows. The 
fruit bang prepared as described above, about 3 cc. of the juice 
was removed and the inoculum introduced. The sterility of the 
juice was tested according to the method given in the Briti^ Phar¬ 
macopeia (1932). The pH of the juice was also determined. On 
the second and subsequent days a few drops of the juice were in¬ 
troduced into peptooe-watCT and the latta incubated at 37'’C. for 
24 hours afta which, a suitable diluticm was plated (»i agar slants 
for discrete colonies. One of these colonies was confirmed by the 
usual carbohydrate and protein reactions as wdl as serdogically. 
The pH of the juice was also determined from day to day. With 
every experiment a control mdon was similarly prepared and the 
sterility and pH of the juice determined from day to day. 
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The results obtained by the above technique are as fdlows :— 
TABLE IV. 


d 



pH. 



Cultural Results. 

mmmmt 













1 

Water Melon. 

o Jj 


at 48 
hours. 

N (0 

^ fa 



CM ^ 

§8 

S 6 

CO d 
O) N 





tsj 





“1 

1 

f Inoculated 

50 

5-2 

64 



St. 

+ 

Cont. 




1 Control . 

4-9 

5-0 

4*9 



St 

St 

St. 



o 

f Inoculated 

5-1 

5-2 

5-2 

5-0 


St 

+ 

+ 

4- 

Cont. 


1 Control. 

5-2 

51 

50 

5-2 


St 

St. 

St 

St. 


Q 

f Inoculated 

5-7 

5-6 

5-8 

5-8 

5-8 

St 

+ 

+ 

St 

St. 


1 Control. 

5-3 

54 

51 



St 

St 

St. 

St 


A 

f Inoculated 

4-8 

5-9 

6-2 



St. 

+ 

Cont 




\ Control. 


6-2 

6-2 



St. 

Cont. 

Cont. 



c 

f Inoculated 

5-7 

5-5 

5-2 

50 

5-3 

St. 

+ 

4- 

4- 

4- 

u 

1 Control. 

5-4 

5-3 

5-3 

5-2 

5-5 

St. 

St 

St. 

St. 

St. 

6 

f Inoculated 

5-5 

5-3 

5-2 

54 

5-5 

St 

4- 

4* 

St. 

St. 

1 Control. 

5-1 

5-0 

5-0 

5-1 

53 

St. 

St. 

St. 

St. 

St 

7 

f Inoculated 

5-3 

5*5 

6-1 



St. 

+ 

Cont 



i 

1 Control. 

50 

4-9 

4-9 



St. 

St 

St 



8 

f Inoculated 

5-9 

6-2 

7-6 



St. 

+ 

Cont. 



1 Control. 

54 

64 

6-9 



St 

Cont 




9 

f Inoculated 

54 

5-2 

5*0 

4-9 

52 

St. 

+ 

+ 

4- 

+ 

1 Control. 

50 

4-9 

4-9 

5-0 

5*2 

St. 

St. 

St. 

St 

St. 

10 

f Inoculated 

4-7 

4-7 

4-6 

48 

50 

St. 

+ 

4- 

4* 

4- 

1 Control. 

4-9 

4-7 

4-7 

4-9 

4'9 

St. 

St 

St. 

St 

St 


St = Sterile; + = V. cholera recovered from culture. 


Cont. = Culture overgrown by some other organism or organisms 


Summary 

Though the experiments arc too few in number to draw any 
general conclusions, certain points of interest are sumiharised be¬ 
low :— 

1. The fruit when bought whole (uncut) proved to be sterile 
when pvaminfri by routine bacteriological methods; but cultures made 
from cut slices brought from the market for pH determinations, 
showed that the dices were contaminated by common dust micro- 
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2. The maximum period of survival of V. cholerae, when expe¬ 
rimentally inoculated into a melon, seems to be four days as far 
as these experiments go, 

3. It has been stated elsewhere that V. cholerae could not grow 
in nutrient broth at a pH lower than 5*6. This does not seem 
to hold good for the water-melon juice as we have seen the growth 
appearing at a pH as acid as 4*7. This seems to show that there 
is something in the melon which permits the growth of V. cholerae 
even at pH as low as 4*7, at which it usually dies in an ordinary 
medium. 

4. The pH of the juice of melons both inoculated with V. 
cholerae as well as those of the controls, remains unchanged for 2 
or 3 days—'if at all, it falls slightly after the first 24 hours. This 
state of affairs holds good if the melons are not contaminated by 
extraneous organisms. In the latter case the pH rises appreciably 
and abruptly. 

In conclusion we wish to thank Lt.-Col. S. S. Sokhey, i.M.s., 
Director of the Haffkine Institute for the full facilities he has so 
kindly given to us for our work. To Major R. C. Watts, i.M.s. 
Assistant Director, Haffkine Institute, our thanks are due not only 
for suggesting the problem but also for his constant and keen interest 
in our work ; and finally, Rev. Fr. J. F. Caius, Professor of Chemistry 
St. Xavier’s College, for his critical remarks and suggestions. 
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A NOTE ON SOME ABNORMALITIES IN PLANTS 
COLLECTED IN BOMBAY. 11. 

(With 1 Text and 3 Plate figures). 

By 

R. E. COOPER, M.SC., 
and 

ELLA GONZALVES, B.A., M.sc., 

Botany Department, Roycd Institute of Science, Bombay, 

In a previous issued of this journal, we had reported on 
some abnormalities observed in plants collected in Bombay area. 
Here we describe some further instances of abnormal development, 
one of which was collected at Castle Rock, during a botanical tour 
to that place. 

Double achene of Anacardium Occidentate, Linn, 

N, 0, Anacardiaceae, 

The specimen described in this paper was found on a botani¬ 
cal tour to Vikhroli, a suburb of Bombay in the Salsette island. As 
a rule in the Anacardiaceae, the calyx is variously divided, the petals 
are 3-7 or absent; the stamens are double the number of the petals, 
rarely equal or numerous; ovary superior one celled, rarely 2-5 
cdled, or very rarely the carpels are free; styles 1-3 often widely 
separated; the fruit is a reniform nut seated on a large fusiform 
body formed of the enlarged disc and the top of the peduncle.* 
In the present case a double achene was found developed on a fleshy 
normal peduncle. Similar instances of double fruits have been re¬ 
corded by various authors^ from time to time. The achenes 
were connected with each other on the concave side as seen in 
Plate I, fig. 1, half way from the base. This condition might have 
arisen from either^ two fasciated flowers, or^ from a single 
flower having a bicaipdlary apocarpous pistil. The latter is most 
probably the cause of the abnormality and not the former, be¬ 
cause, if it were due to fasciation of two flowers, then in that case 
the peduncle would have some external sign, such as a groove along 
the long axis or the axis would be flattened as is often found in 
fasciated branches. The abs^ice of the above mentioned features 
clearly suggests that it is devdoped from a single flower. 

The Anacardiaceae is dassified according to the nature of the 

J.U3.V—F. 
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ovary, which may be, ( 0 ) one celled or if two celled, with ode 
cell early suppressed, or (b) the ovary may be four or five celled.* 
The genus Anacardium falls in the former group and since we have 
eliminated the possitality of the douUe achene being due to the 
fasdation of two flowers, we come to the conclusion that it must 
be devdoped either from a flower having a two celled ovary where 
both the cells remain fertile, one of the cells not bdng suppressed 
as in the normal flowers, or it may have arisen from a flower with 
a bkarpellary apocarpous pistil both carpels being slightly fused in 
the develq)mait of the fruit 

Triple drupe of Mangifera indka, L. 

N. 0. Anacardiaceae. 

A double drupe of Mangifera indica, L. has been already des¬ 
cribed by Sinha^ and Masters^ and a triple drupe has also 
beoi recorded by the former author. The authors over here wish 
to es^lain the structure of this triple drupe of mango, which was 
collected during a botanical trip to Vihar lake in the Salsette island, 
north of Bombay. The specimen Plate I, Fig. 2. measured 3" in 
breadth and 2" in length. All the three drupes differed in size, (me of 
them the largest, was If" by 2 ", the second was IJ" by 1 |" and 
the third the smallest was IJ" by Ij". The two bigger ones were 
lying in one plane, while the third smallest was at right angles to 
the other two. Thus the three drupes were united with each other 
edge-wise with respect to their long axis. A transverse section of 
the q>ecimen (Plate I, fig. 3) showed that the two larger ones had 
developed separate stones, one in each, while the third smallest had 
developed no stone in it, but there was a distinct loculus, measuring 
about I" in length and breadth. According to Sinha^ the 

double fruit of Mangifera indica, L. is the result of fasciation of two 
flowers, but in this case we are of opinion that the double and triple 
fruits of mango may not be due to fasciation of two or three flowers 
as the case may be, but may be due to the fact that all the three car¬ 
pels of a single flower suqr remain perfect and be fertile instead of 
one carpel remainiivi fertife as In the normal flowers. The reas(m for 
this conclusion is that both externally and internally there was no in¬ 
dication of fasdation on the peduncle. A transverse section of the 
pedunde of the fmit showed the normal type of arrangement of the 
bundles. Smilarly there was no trace of a groove on the outside. 

Truarpellary pistil in the flower of Saraca indka. L. 

N. 0. Legutninosae. 

During the nxmth erf November 1937, it was fouitd that in one 
of the corymbs of an Ashdea tree (Saraca indica, L.) in the Victoria 
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Gardens, Bombay, there were two or three tricarpellary flowers, 
'nioui^ a number of corymbs from the same tree were subsequmtly 
examined, no such abnormal flowers were observed. Jliis shows that 
the abnormality in this plant is of rare occurrence. 

The plant in question had produced two flowers of exceptional 
size and interest (Plate II, flg. 1.) Eadi of these two were the re¬ 
sult of fusion of probably three normal flowers. The almormal 
flowers had three bracteoles instead of the normal two (Text fig. 1, 
d). The calyx tube was flattened and expanded laterally and was 
more or less solid in nature throughout its whole length and not only 
at the base as in the normal one. It was crowned by an oblong orange 
coloured disc instead of a round normal one. The calyx consisted of 



Text Fig. I.—Flowers of Stuaca indica, L* . . 

(o) Abnormal flower of Saraca indica, L. 

(b) Normal flower of Saraca indica, L. 

(c) Calyx lobes of the abnonnal flower. 

1. One of the inner segments qflit into two. 
(4) Bractec^es of the abnonnal flower. 
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two whorls eadi possessing three s^^ments, the segments of 
the inner whorl alternating with those of Hie outer. One of the neg- 
ments in the inner whorl seemed to have ^it into two, so that it 
really consisted of four Thus the total number of the 

calyx lobes was seven (Text fig. 1, C). The stamens were deven in 
number (Text fig. 1, A) instead of the normal seven to eight (Text 
fig. 1, B). Instead of a stalked monocarpdlary ovary, (Text fig. 
1, B) there arose from the disc a stalk bearing three distinct carpels, 
each consisting of a flattened ovary with styles and stigma. (Text 
fig. 1, A), 

Krishnamurti* has cited an instance of Saraca indica, L, 
bearing flowers with bicarpellary pistils. However these almormal 
bicarpellary flowers were like the normal ones in so far as the other 
organs of the flowers were concerned. The flowers observed here 
not only differ in having a tricarpellary pistil, but also in the num¬ 
ber of the calyx lobes and stamens. All such cases, as these, re¬ 
present a kind of fasciation. As a result of the study of such strik¬ 
ing i^enomena exhiUted by the fusion of two or three or more 
flowers, or by the allied cases presented by many pdoric flowers, 
the following suggestions may be put forward. 

This precocious development of two or more uppermost lateral 
flowers may be the outcome of suppression of growth and develop¬ 
ment of the vegetative apex of the axis (rachis). These flowers not 
only use up the apical region of the axis wholly but owing to their 
dose proximity, become congenitally united to form a single “ap¬ 
parently perfect” flower, differing from the normal flowers in its 
much larger dze and structure. 

Abnormality in the flower of Erythrina indica. Lamk. 

N. 0. Legutninosae. 

Erythrina indica, Lamk. (Coral tree) is very well known for 
its mode of pollination by hununing birds and for its wood used 
for sword sheaths. The floral formula for the normal flower is 
K (5), C5, A (9)-1-1, G 1. In the spedmen (Plate II, fig. 5) collect¬ 
ed in January 1937, from the '^dbiia Gardens, Bombay, the androe- 
dum although monaddiflxius, is formed of only nine perfect stamens 
—a departure frtMn flie normal fertile ten—^the tenth one in this 
case was a stanunode (Plate II, fig. 5, a) having devdoped a winged 
ejmansion. This petaloid staminode had rudiments of anther- 
lobes vdiidi were without any pollen grains. All the other parts of 
the flower were quite normal both in size and form. A dmilar abnor¬ 
mal flower has been recorded by Sin^< where the flower had 
not only*'a staminode but had develqped an extra vexillum beade 
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the normal one and was also abnormal in size. 

Knight and StepJ have recorded a similar case of trans¬ 
formation of the stamens of Wistaria into petals. ^They regard all 
such cases as illustrating that homology of structure which seems 
to exist between the members of every flower. 

An abnormal leaf of Erythrina crista-galli, L, 

N. 0. Leguminosae. 

The abnormal leaf (Plate III, fig. 6) was found developed upon 
a small tree of Erythrina crista-galli, L. cultivated in the Victoria 
Gardens, Bombay. Normally, the leaves are trifoliate and petiolate, 
the petiole varying from two to three inches. Here in the collected 
specimen (1) the leaf is bifoliate and almost sessile, having a bud 
in its axil. 


Double drupe in Terminalia chebula, Retz. 
ff. 0. Combretaceae, 

The specimen was obtained from Castle Rock in December 1936. 
The normal fruit here is a drupe. In the specimen observed (Plate 
III, fig. 7) it was found that two fruits had fused together along 
their edges. On being cut transversely (Plate III, fig. 8) it was 
found that there were two distinct stones inside a common pericarp. 
There was a faint line in the middle showing where the fusion took 
place. It appeared as if the fruit had devel >f>ed from a double 
fasciated flower. The base also showed the scars of the fused ped¬ 
uncles with the separate vascular rings entering the fused fruit; 
Masters” and Sinha" have described the same type of abnor¬ 
mality in the fruit of Mangifera indica, L.; but the former found 
two seeds united together in his specimen. The latter, however, has 
described an abnormal specimen of Mango fruit very similar to 
what has been observed here in Terminalia chebula. 

Summary. 

Abnormalities in the following plants were observed 

1. Double achene of Anacardium occidentale, Linn. N. O. 
Anacardiaceae. 

2. Triple drupe of Mangifera indica, L. N. O. Anacardiaceae. 

3. Tricarpellary pistil in the flower of Saraca indica, L. N. O. 
Leguminosae. 

4. Abnormality in the flower of Erythrina indica, Lamk, N. 0. 
Leguminosae. 

5. An abnormal leaf of Erythrina crista-galli, L. N. O. 


nosae. 
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6. DouUe drape in Terminalia didlxila, Retz. N. O. Comb* 
retaceae. 

Where possiUe it has been attempted to elucidate the causes 
of these abnonnalities. 
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^ , , - A_!• . T. S. of the abnormal fruit showing 

Double adiene of Anacardium occi- Abnormal fruit of Magnifera indica L the three celled structure. Seed (s) 

dentale, Linn develops in the two cells only. 






Plate m 



Figure 6 A branch of Erythnna crista-galli 
L showing a bifoIiate-leaf (1) 



Figure 7, Double drupe of Terminaha chebula, Retz 
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Figure 8. T. S. of the Double drupe of Terminalia chebula, P Ret 
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I, Introduction. 

During our short stay at Lonawala in August 1935, the senior 
author observed some curious shoots on the corm of an aroid, grow¬ 
ing on the bark of a mango tree in a deep ravine at Khandala. The 
shoots were full of small buds recalling to one’s mind the appearance 
of vivipary. On critical examination, however, they turned out to be 
bulbils only.i As this interesting aroid is not of common occurrence, 
we propose to give here an account of the structure, development and 
germination of the bulbils found on it. 

II. Description. 

A. Adult plant. 

The plant is an annual, usually an q)iphyte growing in the clefts 
of trees in the Ghat jungles.^ It appears in the monsoons only. Its 


L Evidently the plant owes its wrong name to spurious appearance of 
vivipary presented by the bulbils on shoots. 

2. Cockt (1909), p. 828; Hooker (1894), part VI, p. 521. 
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Stem is a small piidc-ooloured oorm bearing few leaves every season. 
From the periphery of the oorm ^rout up three to five i^iototropic 
shoots and they bear the bulbils (Plate I, Tot-fig. 1). The bul- 
biferous shoots are hollow and coilty. They have only the scaly 
leaves on them. Bulbils arise in the axils of these scaly leaves and 
have to pierce their way through them (Plate I. Fig. 1). In 
October, the shoots dry up and the bulbils either fall in the vicinity 
of the parent-corm or get dispersed by wind aiul animal apncies. 
The number of bulbils produced on a single i^t is very large; for 
examine, on one occasion we collected something like 7(X) bulbils in 
the vicinity of a single plant. 



Text-Fig. 1.— Adult plant of Rmusatia vivipara Schott. Note the 
rounded conn with three bulbiferous shoots 6 on it. (i Natural size) 

The localities where this aroid occuned were visited all the year 
round to see whether the plant produced any flowers some time during 
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tlift bMt never fattad it to do SI. Uiis hasids) been the ax- 
perienoe of other woihere. Prof. H. G. Champian vdio had aaen 
Un phrot in foreate at the foot die Himalayas infonm ua that he 
too had never aeen my flowers on the idant. At Oouitallam in the 
Madias Preaidnicy the gemma-baaring form is found in phnty fast 
the flower {Hodncing fotm is ‘exoeedingly mic’.^ Goebel* auggeats 
that the flower-producing fonn might be found in localitieB other thn 
those of the gemma-produdng form. But to the best of our endea¬ 
vours, we could not get the flowers on plants growing in quite 
difierent conditions and at different places in the Presidency. Thus 
for example, the plants transferred to Poona, and Ahmednagar (ra¬ 
ther a dry, n(Hi-hilly place)—ccmtinued to produce the bulbils only. 


B. Btdbiferous shoot mi the bulbils. 

Each bulbiferous shgot has 20-30 nodes (Plate I, Fig. 1). The 
lower six to eight nodes do not bear the bulbils but only the adventi¬ 
tious roots. The upper 15-20 nodes bear bulbils in the axils of the 
scaly leaves, nxxre or less horizontally (Hate I, Fig. 1). At eadi 
node there are about 20-30 bulbils. On an average a single plant of 
Remusatia vivipara is thus capaMe of giving rise to a varying number 
of bulbils horn 900-1125. This is perhaps the largest number of 
bulbils recorded from a sin^e plant. AH the bulbils do ixit appear 
to undergo germination since the plant is not >'ery frequent even in 
its natural habitats. 

Eadi bulbil is 0-2—0-6 cm l<H)g, half as much broad, oblong or 
squarrose, covered with 10-20 scales (Text-fig. 2). Each scale has a 
prominent midrib merging into a pointed, hooked apex—the eatching 
oqgan of tire bulbil (Text-fig. 2B). The centre of die bulbil is oen- 
pied by an undifferentiated stem fiill of starch and odwr leserved 
food matoiaL From the axils of the lower scales come out the mdi- 
marits of roots, and sometimes secondary bulbils also (Text-ffg. 2C). 
19ie in the soaks are full of a brown pigment, raphides and 
storage tracheids in the basal r^cn. 

Arrangement of the scales in a l^bil is sbown> in die Text-fig. 
2-1. It will be noticed that it is somewlud similar to the anangeiniint.of 
leaves in the bulbils of Lycopodium clmmtum desoribed by Goabdl. 
But it will also be noted that it is not identical with it The twisdrig 

1. Wi^t leones de Flantanim, t 79R. 

X. Goebel (1903). port H. 

jromv-G. 
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of the inner aiul the outer leaves, the lower leaves in particular, is 
quite ooounon in the bulbils of many q)ecies of Lycopodium, e. g., 
L. tucidulum, L. mmmulariformis etc. But in the builds of Retnu- 
satia vivipara the inner leaves do not undergo distcHticm due to their 
scaly nature. The lower leaves in the bulbils in Lycopodium as wdl 
as Remusatia are devdoped asymmetrically, and this results in the 
horizontal lie of the bulbils at nlaturity. 


A 



Text-Fis. 2.—^Bulbil of Remusatia vivipara Sdiott A-entire bulbil 
vdth hooked tips; B-a angle scale on the bulbil showing midrib and the 
hodced apoc; C-a bulbil with anc^er bun>il in the axil of a lower scale. 
X 26. 


The internal structure of the bulbil shows the following peculia¬ 
rities in a transverse sectiOn :— 

Below the outer ^idermal layer lies a massive cork-cambium 
similar in appearance, function and position to the corky layer 
in the bulbiferous shoot which bears it (Text-fig. 3-3). Below 
that is the cortex full of starch and other substances. A rudimentary 
vascular strand passes in the centre frmn the base towards the apex, 
and loses its identity in that regicm. The large cavities in the corta 
are the mucilage canals. 

The Text-fig. 3-4 is a transverse section of the bulbil pasang 
throu{^ the lower region. Here it will be noticed that there is another 
small bulbil in the axil of the lower scale and that the vascular sup¬ 
ply to the latter is from the vascular strand of the former. A sec- 
tkm passing bdow this r^;ion brings out a loose parenchymatous 
tissue at the base of the bulbil, structurally and functionally ranilar 
to the absdssian layer, found at the bases ol the leaves of JuglUms. 
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Pnom and Acer at the time of leaf-fail. A radial inng;h.Amoi 
section brings out this tissue more clearly (Text-fig. 3-5), 



Text-Fig. 3. —Internal structure of a bulbil, of Remusatia vivipara 
Schott. 1 —Arrangement of scales in a bulbil; 2-T. S. of the bulbil showing 
the outer corky layer and cortex full of reserve food material and mucilage* 
canals-m.c.; 3-T. S. of the carkj^ layer (magnified) ; 4-T. S. of the bulbil 
in the lower region : note the secondary bulbil-s.6. developing in the axil 
of a scale-5.c., vascular supply to the secondary bulbil-t;.5.b. from the central 
vascular strand-!;.5f(.; 5-Radial longitudinal section of the bulbil showing 
‘abscission layer X 58. 

f 

The Text-fig. 4 is a median longitudinal section of a bulbiferous 
shoot passing through apex. The apex of the shoot (Text-fig. 4, 
ap) lies below numerous sheaths of scaly leaves. To the ri^^t is 
a bulbil in formation. The vascular strand of the sends off 
a biandi to the bulbil—whidi is bdng formed. The origin of the 
bulbil is clearly axillary. There is nothing in the develoixnent of the 
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biiiktt at thiB atage or at aay iato* stage that could suggest the possi¬ 
bility of perianth. Evidently the laiinocdia of the bulbda are not 
derived from the primordia of the flowers as in the case of Qobba 
bulbifera but merriy from the shoot-primordia in the axils of the 
scaly leaves. 

To recapitulate, the main structural features in the bulbils of 
ttenmsatia are : hooked tips of the coveting scales, origin from the 
axillary riuxA-primordia, corky layer at the periphery, absdsrion 
layer at the base^ and undifferentiated stem in the centre, full of 
starch reserve. 



Text-Fig. 4.—Median lonritudinal section of the apex of a bulbifeious 
riuot of Hmmatia vUiipma Sdiott showing a bulbil devdoping in ffip asU 
of a scale and its relation to die apoL of the bullHferous sho^ 4ica 
of the butbiferous shoot covered with numerous scales; tx. a scale basring a 
bultul in its axil; llb.-a bulbil in formation; vjfj—vascular strvid of the 
bulbifnreus shoot; vascular supply to the bulbil ari^ from the 

vascular supply of the bulbiferous shoot; m.c.*inud]age cavitias. X35. 

C. Germintaum of the Mb&s. 

The bulbil gets easily detadied from the parent-riioot even 
with a gentle pressure, and is carried over to new situations by wind, 
' bird and other animal agencies. It sticks to its new site by 
of its hooked tips till the advent of next taooaoom and begins to 
germinate thereafter. Its course is followed thrau^ many transitiongl 



Text-Fk. 5.-Gennination of the bulbite of Rmusatia vivipara Schott. 
K 26 . For explanation see text 

■onw Shown in Text-fig. 5. 

lecay and the central stem swells (text-fig. 6 I). 

*eid8 at the base of the wales become torgtd 
me apex of the bulbil pushes its way through dim 

iTeiZsilh The apex ncm being exp^ 
peen. The root-primcmlia which s«n^ dev^ 

Im » dftochwJ from the parwt shoot, cow out «nd gndipr lhe 
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bult^ to substratum (Text-fig. 5 III). The major part of the 
stem is still concealed in the midst of the scales (Text-figs. 5 III, 
IV). The stem is then gradually drawn out and begins to 
elongate It bears a few qihemeral scales cmly. Very often the 
growth of the bulbil stops at this very stage for the season and 
the bulbil aestivates. It is quite likely that it may be dispersed 
even afW this stage of its growth, as the hooks are still in tact in 
the upper region. The bulbil resumes its growth next year and forms 
either an elongated portion of the stem as in the Text-fig. 5 VII or a 
rounded one as in the Text fig. 5 V, VI, VIII, IX. The first v^eta- 
tive leaf appears and no more metamorphic changes occur hence¬ 
forth. The two portions of the stem formed in two years gradually 
get super-imposed and form a characteristic corm—the adult stem 
of the plant (Text-fig. 5 IX,X). Connection of bulbil after this 
stage is merdy vestigial and is finally cut off. 

III. Theoretical considerations. 

One of the striking peculiarities in the life-history of Remusa- 
tia invipara is the deletion of the flowering stage substituted by 
the pitxluction of a large number of bulbils. This change in the 
life-cycle of the plant is not due to any interference on part of 
man but is largely a result of the {^ysical environments of the plant. 
Remusatia has to complete its life-history in tains, so heavy in the 
Ghats. For days together there is no chance for a beam of sun¬ 
shine to penetrate through the clouds and accderate the growth. 
Water-lqggmg is common—-a condition particularly adverse to the 
young roots. Under these circumstances it is to be doubted whether a 
seedling of Remusatia will survive better than a £^mma, which ab 
mitio inherits the same qualities as the parmt plant and hence better 
fitted for the ccmditions in which the plant has to live from year to 
year. This is perhaps (me of the reasons why the plant is so slow 
and shy to produce the flowers. 

We may next enquire what is the morphological nature of the 
bulbils in question. The bulbils in Remusatia arise in the axils of 
the scaly leaves; they have a corky layer at the periphery; they 
bear seccmdary bulbils in their axils; they have meristematic tissue 
at the apex; they never show anything like perianth at any stage in 
their formalkm; all these diaracters lead us to omdude that the 
bulbils in Remusatia are derived from the primordia of the shoots 
(Uke Lycopodium and not from the primordia of flowers as in the 
cAsfe of Globba bulbifera, Globba racemosa or Agave buMfera etc. 
The bulbil§ a£ Ret^malut {dthou|h agree in their morphological 
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nature with the bulbils of lycopods, they differ from them 
in <»ie important particular, viz. the organs used for the storage 
of food-material. In the bulbils of lycc^xxls the food material is 
stored in flediy leaves whereas in the bulbils of Renmatia vivipara 
it is stored in the axis itsdf.i Now a storage stem in which the 
leaves are thick and fleshy is called a bulb and a storage stem in 
whidi the axis becomes fleshy—the leaves being reduced, is called 
a tuber. It will be seen that the bulbils of Lycopodium correspond 
to the former catagory while the bulbils of Remusatia and Dioscorea 
correspond to the latter catagory. It is better, therefore, to call 
the bulbils of Remusatia and Dioscorea, the tuberous bulbils while 
those of Lycopodium, the leafy bulbils, 

IV. Summary. 

The paper gives am account of the bulbils of an aroid, Remt^satia 
vivipara found in the clefts of trees in the Ghat jungles. The aroid 
is an annual, which thrives in the monsoon only. It does not pro¬ 
duce flowers but a large number of bulbils instead. This anomaly 
in the life-cycle of the plant is very probably the result of the pecu¬ 
liar circumstances under which the plant lives. 

The bulbils are borne ki clusters, on three to five photo¬ 
tropic shoots springing from the periphery of the corm. Their num¬ 
ber is surprisingly large. A single plant of Remusatia may bear as 
many as 700-1000 bulbils in a season; probably the largest number 
recorded from a single plant. They are protected by means of 
scaly leaves having recurved tips. These are the catching organs 
of the bulbil and help it in its dispersal. Sometimes secondary bul¬ 
bils are found in the axils of the lower scales of a bulbil. 

Internally the bulbil is characterised by an outer corky layer, 
apical meristem as in a stem, massive cortex full of starch and other 
substances, rudimentary vascular strand and an abscission layer at 
the base. With all these structural peculiarities, the bulbil is highly 
adapted for the purposes of dispersal by wind and animal agencies. 

Devdopmentally the bulbil is derived from the primordia of 
the axillary shoots as in many species of Lycopodium, and not from 
the primordia of the flowers as in Agave bulbifera or Globba race¬ 
mose. In the bulbils of lycopods the food is stored in the leaves 
whereas in the bulbils of Dioscorea and Remusatia it is stored in 
the axis. It is, therefore, suggested by the authors that the bulbils 


1. This is also true d the bulbils of Dioscorea, 



ofill^capMil fllRNld be daflUd n keafy ImlbSt and tfxMi ot IRnmi- 
Mtfa-andi DwK:aMf> ai the ttUitrotu bulbile. 

The aotiee of* gemiimtion of a bulbil in Rmtuttk is Mtowed 
Hnugh UMaa e lM aal' famik gndtudljr elaborating tqion an m- 
tttlmaliatad nqiknic item, leading to its adult stage vis. the conn. 
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Plate I, Fig I—Bulbiferous shoots of Rmmtta vivtpara Schott (i Natural size) 



PHYLLODY IN THE FLOWERS OF CROTALARIA 
STRIATA, DC. 

N. O. LEGUMINOSAE. 

By 

R E. COOPER, Mi.sc. 

Botmy Department, Royd Institute of Sctence, Bombay, 

In the studies on the abnonnalities in plants, it is necessary 
to compare the abnormal specimens Fig. IB. with the one of the 
normal Fig. lA. order, and hence it will not be out of place to des¬ 
cribe the normal plant in question. 

Crotalaria striata, DC,^ is a herb belonging to N. O. Legumi* 
nosae, sub-order Papilionaceae. It is about 2-3 feet high; stem 
stout and more or less striate; the young branches silky. Leaves 
membranous; petioles IVs-S in. long, stout and slightly pubescent; 
stipules very minute. Leaflets 2-3 by 1-lV, in. elliptic, olmise or 
acute, glabrous above and minutely jpubeniloas and glaucous beneath^ 
Flowers numerous, in erect terminal and lateral racemes, which some¬ 
times reach one foot long; pedicds ^lort; bracts setaceous. Calyi 
i ia IcHig, teeth as Icmg as the tube. Corolla dull yellow, veined 
with purple, twice as long as the calyx. Pod IV 3-2 in. kxig, much 
deflexed, oblong cylindric glabrous, and shortly stalked. Seeds 20-30 
dark brown. 

In normal flowers the sqials, petals, stamens, and ]^il occupy 
d^nite position, but under abnormal andkions, brought about 
either by the presoice of a parasite, viras, insect bites, or some 
physiological disturbances broujdit about by various external fac¬ 
tors, one type of floral organ may be transformed into another or 
into ordinary leaves. Stamens may become leafy as in Pennisetum 
typhni dfum* , petals may turn into sepals, stamens inta carpds and 
carpels may becmne leaf-like as in bme cradfers.^ To this,- the 
term ‘ Fhyllody' is ai^ed, meaning the diange of the floral organs 
into leaf-Iifce structures. 

Transformatitm of carpels and stamens into leaves is very ooot- 
mon m the Leguminosae, as, in Ttifdium ripens,^ TriftdiunmptaB- 
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doiinim Linn.< In the fonner q)ecimen, the carpels eqiedaUy are 
more or less dianged; they are either enlarged and inflated or in 
the place of each carpel a foliage leaf appears; while in the latter, 
all parts of the flowers esoept the sqKfls get transformed to a vary¬ 
ing extent into types of leaves rans^ from mono- to tri-fdiate. In 
the q)edmen of Crotalaria striata, DC. over and above the occur¬ 
rence of i^yllody there was an alternation in symmetry. The plants 
were distinctly pafle in appearance and diminutive in size in contrast 
to the normal healthy jdants, with excesdve branching accon^)any- 
ing the dwarfing. Changes in the size and shape of the leaves 
were also noticeable. They showed curling due to unequal deve¬ 
lopment of larger leaf areas or surfaces; blister like devations with 
intervening chlorotic depressions, thus giving the leaf surface rugose 
wrinkled appearance. The flowers were reduced in size and they 
diowed the following striking changes in cordla, stamens, and car¬ 
pels. The sepals were five in number, they deviated from the nor¬ 
mal ones. Petals were like sepals, green in colour and they varied 
in number from 3-5 usually the latter. In the latter case there 
was no differentiation of segments into standard, alae, and keel or 
Carina. All the parts were alike and noore or less leafy in nature. 

The stamens exhibited a marked deviaticm from the normal 
(Hies in size, number and cohesion, and some of them ai^ieared 
as diminutive foliage leaves. There were some with both the anther 
lobes develcqied externally but without pollen ; and there were a few 
in which a ‘ four winged’ leaf (Text Fig. C.) was developed. This 
can be well explained as given under:— 

According to Goebd> a young stamen before its birth is a 
four angled body and in each of the angles, the primordium of 
an archesporium is di^erentiated. The primordium of each angle 
by cdl division and growth ultimatdy develops into a small leaf¬ 
let. Such idiyllody of stamens is a phencHnenon of growth which 
is altogether abnormal when compared with the usual conditions 
and whiidi is generally found in v^ietative leaves. 

Two factors seem to play an inqxwtant part in Ininging about 
the transformation of the primordia of the stamens into leaf-Uke struc¬ 
ture. First, the stage of devdopmoit of the primordium is to be 
ccHisidered at the time when the impulse is transmitted and secondly 
the strength of the impulse, for both these factors go to detemune 
whether the primordium will result into a simple or a four-wing¬ 
ed foliage leaf, or p^, or such a leaf with nuHPe or less malform- 
ed pOllHi 



TEXT-nOURB h 

Fig. A. A diagranunatic repreienta- 

doD of ao abDonnal iQ<» 

floretceoce. 

Fig. B. An abnormal flower •how<^ 

in^ ooncave leaf-like car- 

(g=gynaediim). 

Fig. Bl. A carpel diisected out to 
•how rudimentary ovulei. 
(o=owlet). 

Fig. C An abnormal flower diisected 
out to show modified 
•tamens and carpel. 
a=A leaf-like rudimentary 
•tamen. 

a^=A Btamen modified into 
three four leaflets. 


fig.e 


Fig.f 



Fig.c 


Fig.bi 
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K=: Carpel modified into 
three leaflets. 

Fig. D. An abnormal flower showing 
stamens and carpel, 
a=leaf-like stamens. 

2=carpel modified into 
three leaflets. 

Fig. £. An abnormal flower showing 
a modified carpel only. 

2=: Carpel modified into 
uiree leaflets. 

Fig. F. An abnormal flower showing 
development of buds present 
in the axils of the perianth 
leaves. 

a=A bud developed into 
an axis bearing leaves. 


Fte.A 
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Another interesting feature noted, is the bud fotnaftkxi in the 
axils of the perianth leaves and stamens ; these ImmIs developed into 
foliage shoots in three or four cases. (Text Pig. F.) 

The caipris of all the flowers, borne on the abnormal inflore¬ 
scence had become transformed into varying degrees. They show¬ 
ed complete lAyllody and the formation of ovules was entirely sup¬ 
pressed. The carpels showed the following variations:— 

1 . In the most abnormal flowers the carpel was raised on a 
stalk, which varied in length from (|-f) inch. 

2. The carpd in some was a single boat shaped concave leafy 
structure (Text Fig. B) with or without some little protuberances 
on the margins (rudimentary ovules). 

3. In others it was like a miniature leaf, i.e. it was trifdiate, 
the middle leaflet a bit bigger in size and boat shaped, the two lat¬ 
eral small and membranous; in some flowers they could be made 
out by the help of a lens. 

The above specimens of phyllody clearly suggest that the sta¬ 
mens carpels are nothing but highly modifled forms of foliage leaves, 
though they often differ from foliage leaves in their external con¬ 
figuration. According to Sachs^ the difference in the form of the 
organs of plants are based on their material differences and the 
changes of organic form are in touch with changes in the process 
of nutrition. In malformations one organ may appear instead of 
another as the primordium of one organ may wander into that of 
another. In flowers, therefore, since the different organs lie so dose 
to one another, very slight disturbances can easily cause such in¬ 
terchanges of organ forming material. The latter may be the whole 
mass of material forming the organ like the differences in the car¬ 
bon-nitrogen ratio or small quantities of dionical substances which 
may act as ferments on the plastic substaiKes which flow into the 
growing points and these react for the formation of particular org^uis. 

Summary. 

The phyllody of the flowers of Crotalaria striata, DC. is des¬ 
cribed. It is suggested that petals, stamens, and carpds are highly 
evolved types of leaves, though they often differ from fdiage leaves 
in their configuratioa These variations are dearly due to inter¬ 
action of unknown factors, bad nutriticm, or parasitisms etc, Thus 
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the phyUody of flowers in general is a symptom of disease, it is 
misbirth, the exact cause of which is not known in many instances. 
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I.— Introduction. 

Flowering plants of the Bombay Presidoicy are well worked 
out through the successive efforts of Dalzell and Gibson (1896), Wood- 
row (1900), Gammie (1903), Cooke (1908), Talbot (1909), Bhide, 
Saxton and Sedgwick (1918), Blatter and McCann (1928) and many 
others; but the cryptogamic plants with the exertion of ferns worked 
out by Maqihersoa (1894), Blatter (1908), Blatter and d’Almeida 
(1922), remained almost unstudied. I, therefore, at the kind sug¬ 
gestion of Prof. D. L. Dixit undertook in 1932 a study of the cryp- 
togamic flora of the Bombay Presidency with qiedal reference to 
the vascular cryptogams. Since then I have been searching for 
the crypt(%amic plants all over the Pkesidency (excluding Cutch, 
Kathiawar and Sind) and the adjoining districts of the Mysore 
State which forms a part of the same botanical province. I pro¬ 
pose to put together in these studies, the data I have gathered 
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during the last six years, regarding the occurrence, habit, distribution 
and ecdogy of the various species I have studied. 

While collecting the ^)ecie8 in hrid, it had been my ^)ecial 
endeavour to study the surroundings in which the ^lecies occuned, 
as I believed that we knew so little about the soddogy of the vascu¬ 
lar cryptogams. I have recorded many new localities also, mainly 
based on my own observations and those of my colleagues Messrs* 
U. K. Kanitkar, b.a., m.sc., G. S. Deshpande, b.sc., b.t. and V. G. 
Bavaddcar, B.sc. I have consulted many workers cm the cryptogams 
in India, published literature on the subject as was available to me, 
and the herbaria of the Collie of Agriculture, Po(xia, Fergusson 
College, Poona, Bcmibay Natural History Society, Bombay, Gujarat 
Cbll^, Ahmedabad, and the Royal Botanic Gardens, Calcutta. A 
part of the information embodied in this paper is derived from them. 

Now, regarding the ^plan of the present work, the part I of 
these studies deals with three families, the Psilotaceae, the Equiseta- 
ceae and the Lyoopodiaceae; the part II deals with the Ophioglo- 
ssaceae; a third and a fourth part will appear later, and they will 
deal with the remaining families. The full discussion of the obser¬ 
vations made and the results obtained has been deferred till the 
last paper of the present studies, although some important points 
pertaining to certain species have been briefly considered here. 


, II.— Desouptive. 

A. Psilotaceae. 

The family comprises two genera, Psilotum Sw. and Tmesip- 
teris Berhn. The latter is an Australasian genus; only the former 
occurs in India. It has two species, viz. P. triquetrum Sw. and P. 
fteccidum Wall. P. ftaccidum is comnxxi in Malaya but as yet it 
is not rqxMted from any part of our Presidency or as a matter 
of fact from any part of British India. It is found in Mascarene 
Idands to the West and in Malaya Peninsula to the East of the 
Peninsular India, I, therefore, believe along with Raizada (1935), 
that the species may be found in forests of the Peninsular India. 
But so far as the present investigations go, the csily ^lecies I have 
met in our Presideicy is P. triquetrum. 

1. I take this opportunity to thank all these gentlemen for the help 
diey rendered in course of this invesdgatioiL—T. S. Mahabau. 
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PSILOTUM nOOVtlRUU SWABTZ. 

(Plite I. figure 1.) 

Dtagposia: Baker, p. 3(k daike, p. 589. 

Occurrenoe and halMt 

The ^MCwa oocuia in Umhed arm in forests of the Westeni 
Ghaka. it gram usually as an epiphyte on the rotten bark of trees 
m the foscita in Slumoga district (Mysore State), or amongst the 
masses of aerial loats of coconut palms at Savantwadi (Bombay 
Pseaiden^). It is not, however, unusual to find it growing terrestri¬ 
ally in crevices of moist rodcs, looking down upon the mii^y 
vistas of deep valleys in North Kanara. Thus for example, on a 
botanical ewuiuon in company with Prof. V. V. Apte, the qpedes 
was found to grow on cuttings of some rocks about two miles to 
the South of Karanzd Staticxi on the Portuguese West Indian Rail¬ 
way (North Kanara). The surroundings of the species in this local¬ 
ity are tyi»cal enough for the species and deserve to be put on re¬ 
cord. 

The locality is a cod shady place m ever-green forest near 
Karanzol, not very far from Castle Rock (North Kanara). In 
the vicinity of the place grow lofty tree-ferns, Alsophila latebrosa 
Hook, and Cyathea spintdosa Wall, and! a dwarf tree-fern, Blechnum 
orierUde L. Deep tudlas abound in the region; their precipitous 
walls are the favourite haunts of Anpopleris evecta Hoff, and beau¬ 
tiful Lygodias, L. jlexuosum Bedd. and L. microphyUum R. Br. 
Glekhema linearis Bedd., Pteris pellucida Presl, Stmoloma chinen- 
sis Bedd., and Schizolotna ensifolia J. 5m. make their ai^xarance here 
and there but the most con^cuous fem in the immediate vicinity 
of Psilotum triquetrum is Gymnopteris subcrenata Bedd. From 
amongst the flowering plants in the neighbourhood. Calamus rotong, 
Caryota urens, Terminalia pankulata, Lagerstromia lanceotata. Acacia 
concuma are noteworthy. There is hardly a rock here which 
is not covered by moss, Jungermanniales e.g. Lejeunea, and grass. 
Small rivulets run down the rocks incessantly and maintain moisture 
in the surrounding air constantly, and favour thereby supoabun- 
dance of cryptogams in the locality. The whole locality in fact, 
is highly suggestive of an aspect of a forest in some by-gone ages. 
But sudi ideal ccmditions are not obtainable everyvdiere in the 
Ghats and, therefme, the ^)ecles shows a discontinuous distributim. 

Distribution : drawn in Text-fig. 1. 

Savantwadi,^ "deeply embedded amongst the roots of cooo-nnt 
' palm." 


1. Dalisdo (1882), p, 544. 
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Castle (North Kmscfi)^ ‘on nxHst rode the railway 
Hue, in ever-gceen fcxest, six miles to the North-West 
at rtte railway station.’ 

Kannzol'* (North Kanara), ‘in the crevices y>f rocks by the 
railway line, tmo miles due South of the railway station.’ 



Text-Fig. 1.—^Map ahowini; the distribution of the genus PsUotum in 
the Bombay Presidency. 


B. Equisetaceae. 

The family consists of a single living genus, Eqtnsetum with 
about twenty to thirty species spread all over the world. Accord¬ 
ing to Clarke (1880) the following four species occur in India 

1. E. qrvense Linn. 

2. E. diffusum Don. Prodr. 

3. E, dongtttum Willd. 

4. E. debUe Roxb. 

E. eUmgatum and E. debik bdong to sul^enus Hipppchaete of 
Baker and are supposed to be more primitive than the ^lecies be¬ 
longing to other subgenus Equisetum proper. E. arvense and E, 
diffusum bdong to the latter sub-genus. In their distribution the 
first three species are more or less restricted to the Himalayan 

1. Mahabale, T. S., Sathe, G. S. and Apte, V. V., December, 
1935. 

2. Mahabale, T. S., October, 1936, 
f.VA v—I. 
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r^ons^ v4iile tte last named species is ^iiead ttiroughout Narthem 
India,* Punjab,* Bengal,^ and the plains of Peninsular India.* So 
far as my present investigations go, the only ^)ecies found at various 
places in the Presidency is E. debile. A distinct variety of this species 
is quite rampant in the bed of the river at Pashan, a village four 
miles to the North-West of Poona. This plant was first observed in 
this locality by Prof. R. K. Bhide—then of the Collie of Agricul¬ 
ture, Pocma, in 1904. He simply named it as ‘ Equisetum from 
Pashan.’ Diagnosis of this new variety is given in detail here. 

Equisetum debile Roxburgh. 

Diagnosis: Baker, p. 5; Clarke, p. 594; Roxbur^, p. 745. 

Occurrence and habit. 

The species occurs all over the Presidency and seems to have a 
great tolerance for varied climates. It grows by the rivers either 
on sandy banks or in the ditches near-about. It thrives well in 
marshy places where water is not stagnant. It is usually associated 
with Anuera indica, Riccia sanguinea. Ammonia baccijera. Polygonum 
glabrum, Typha aungusti-folia, Cyperus esculentus, Eragrostis 
cjUtosucoides, Fimbrystylis complanata and Saccharum spontanum. 
Eragrostis cynosucides, Cyperus esculentus and Typha aungus- 
tijolia often conceal the identity of the plant in its natural suuround- 
ings. At Kopargaon the species was noticed to grow on the banks 
of the Godavari River to a height of eight to ten feet. The species 
is usually found on the plains although it is not rare in the hilly up- 
country also. 

Equisetum debile Roxburgh, var. pashan Bhide (var. nov.). 

(Plate II. Fig. 2.) 

Diagnosis : plants smaller than E. debile proper, 20-100 cm. 
long, i-i cm. broad, with 9 grooves on the stem, sterile 
branches few and irregular, arising usually from above the middle, 
fertile brandies 2-3 below the terminal cone; these also bear cones 
sometimes; cones ovate, ovate-cylindrical, sometimes fusiform, mu- 
cronate and with short stalks. 

It will be realised from the above description by those that 
are familiar with the dassihcation of the species of Equisetum, that 
the differences diown by the plant from E. debile proper are suflfi- 

1. Baker (1887), p. 1. 

2. Clarice (1880), 594-595. 

3. Stewart (1869). 

4. gafcer (1887) ; (?larke (1880) ; Rpxburi^ (1874), 
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dent to warrant its separate existence as a distinct variety if not 
a ^lecies. Acowdingly it has been separated andi called 

Equisettm debile Rcnb., var. pashan Bhide.‘ ^var. nov.)* 

Occumnce and habit. 

The species grows at Pashan (Dist. Poem), on the banks of 
the Ram River. It survives even in {daces likely to be left dry in 
summer. 

Distribution : shown in Text-fig. 2. 

E. debile. 

Kopargaon’ (Dist. Ahmednagar), ‘ on the banks of the Godavari 
River.’ 

Pandharpur® (Dist. Sholapur), ‘on the banks of the Bhima 
River.’ 

Wai+ (Dist. Satara.), ‘on the banks of the Krishna River.’ 
Tumuri! (Dist. Belgaum.). 

Gokak< (Dist. Belgaum.), ‘On the banks of the Ghataprabha 
River.’ 

Malsar^ (Baroda State.), ‘on the banks of the Narbada.’ 
Raisan^ (Dist. Ahmedabad.) ‘On the banks of the Sabarmati 
River.’ 

E. debil/g, var. pashan. 

Pashan’ (Dist. Poona), ‘abundant near the dam in the Ram 
River.’ 

Poona,'® ‘on the banks of the Mutha River.’ 

Vitthawadi'* (Dist. Poona.), ‘along the banks and in the river¬ 
bed of the Mutha River;’ ‘at various places upto 
Khadakvasala.’ 

Aundh’'^ (Dist. Poona), ‘on the banks of the Mula River.’ 

1. Following the international rules of botanical nomenclature I have 
associated this variety with the name of Prof. Bhide who was the first to 
observe it at Pashan, as far back as 1904. 

2. Mahabale, June, 1932. 

3. Phatak, V. G. (1935), p. 12, 

4. Prof. D. L. Dixit 

5. Herb. AgrL College Poona. 

6. Herb. Agri, College, Poona (Talbot’s collection). 

7. Dbdt S. C. 

8. Saxton (1918), p. 323. Herb. Gujarat College, Ahmedabad. 

9. Prof. R K. Kiide, 1904; Herb. Agri. College, Poona. 

10. Mahabale, 1934. 

11. Dedipande, G. S. and Bavadekar, V. G., November, 1935. 

12. Prof. S. V. Shevade. 
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Text-Fig. 2.—Map ahomng the distribution of the genus Eguisetum 
in the Bombay Presidency. 

C. Lycopodiaceae. 

The family con^ises two homo^ric genera. Lycopodium L. 
and Phylloglossum Kunze, and two heterosporic genefa, Selaginetta 
(R. B.) Spring and Isoetes Linn. Only the homoeporic genera are 
coinidered here. 

Pkyttoglossum is a monotypic genus found in Tasmania, West 
Australia, Victoria and New Zealand.^ Lycopodium on the other 
hand is spread all over the globe and has about 94 species.^ Accord¬ 
ing to Chowdhury (1937) there are about 32 species of Lycopodium 
in India. The fdlowing six ^lecies are reported from the Bcanbay 
Presidency:— 

1 . L. Hamltonii Spring. 

2. L, potiolatum Herter. 

3. L. pklegmaria L. 

4. L. cemuum L. 

5. L. imbricatum (?).^ 

6 . L, obtusatum Fairbank. (?L. obtusifoUum Hanilt. ?).* 

1. Baker (1887), fx 7. 

2. Baker (1887). 

* 3. These two qjwdes are not mentkaed by Chowdhury (1937). 

They are included here on the authority of BirdwoOd (1891). Sindiariy 
L. phlaiaaria is induded here on the authority of Matter (Nctani Ordoe, 

IX 20). 
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I have not been able to examine the material of L. petiohihm. 
L. fMtgtMria, L. imbricatum and L. obtusatum from our Presidency. 
My study is, therefcne, limited to two ^>ecies only, viz. L. Hamiltonii 
and L. cemuum, ' 

Lycopfidium Hamittonii Spring. 

(Plate III, Fig. 3.) 

Diagnosis: Baker, p. 10; Clarke, p. 590; Spring, part I, p. 35. 

Occurrence and habit. 

The q)ecies is found growing at the forking of trees like Pieris 
avddifoHa in damp shady ravines.^ It can be had in fair amount 
in the upper part of the Darjeding' district and adjoiniing Sikkim 
(below Yoksam, for instance) and is reported from the Sarju valley, 
the Nilgiris aitd others parts of ItKlia.^ The only authentic specimens 
of this species from our Presidency examined by me, were from 
Talbot’s collection in tb? herbarium of the Coll^ of Agriculture, 
I\xxia. They were collected at Ainsi (North Kanara). I have com¬ 
pared these specimens with many other specinoens of the same species 
obtained from different parts of India, and I find that they conform 
more to the specimen sent to me by Prof. H. G. Champion, M.A., 
from Lohajang, Kailganga V, Garwal (Kumaun Himalayas), rather 
than to the specimens collected at Mawphlong (Assam) by Prof. 
S. P. A^iarkar, M.A., ph.d., Calcutta. Plate III, Fig. 3 is given here 
to give an idea of the habit of the plant, so that those that are more 
favourably placed than myself might collect it from some part of 
North Kanara. 

Lycopodium cemuum L. 

(Plate IV, Fig. 4.) 

Diagnosis; Baker, p. 23; Clarke, p. 591; Spring, part I, p. 79. 

Occurrence and habit. 

The qiecies is fairly conunon at Castle Rock, Karanzol, 
Cdlem and hills in the neighbourhood in the Goa Territory. It 
is much more so to the South of this region in the district of South 
Kanara. Formerly the species was availaUe locally in Bangalore 
alscA but owing to the frequent disturbaiKe by the cow-boys, who used 
this locality as a pasture ground for cattle, the species has been now 
extirpated. 

1. Prof. H. G. Chamjinon’s letter to the author, dated 13th Novem¬ 
ber. 1937. 

2. Mr. V. Narayanaswami’s letter to the author dated 15th Novem¬ 

ber, 1987. 



70 


JOURNAL OP THE UNIVERSITT OP BOMBAY 


The qiedes is found in what may be called Gleickmia — 
Bkcknum association in N<Mth Kanara. At Bangalore also, it was 
associated with tGleUkenia linearis. In some parts of North Kanara 
forests, it grows luxuriantly and the looping stem may readi a length 
of 10 feet or more. Qxnpaiatively small shoots come up vertically 
from this stem and bear the ccmes (PI. IV, Fig. 4). They also reach a 
hei^t of three to four feet. Vegetative reproduction is the princi- 
ped mode of reproductioi and large thickets are formed thereby. 
I know a hill near Castle Rock which is aitirdy covered by this 
lycopod. The normal habit of the plant is creeping and not erect 
as Pritzeiv describes and figures it. I entirely agree in this res¬ 
pect with the remarks made by Holloway® and Chowdhury* 
about Pritzd’s wrong account of this species. The crewing stem 
ardies like a stolrm, roots at the tip, and sends up the vertical 
brandies; they bear numerous strobili (Fig. 4, pi. IV). 

The species is limited in its distribution—so far as Bombay 
Presidency is ccmcemed, to North Kanara forests; and even there 
it hardly crosses the limits of its present habitat. 

Distribution ; shown in Text-fig. 3. 

L. Hamltonii. 

Ainsi* (North Kanara). 

Konkan.^ 

L. Phlegmaria. 

North Kanara.^ 

Konkan.7 

L. Phlegmaria. 

South Konkan,® ‘ parasitic, pendulous.’ 

L. Cemuum. 

Castle Rock® (North Kanara), ‘ Chdk^o Hill on the railway line, 

two miles to the North of the railway station.” ' 

1. Pritzel (1902), p. 603, Fig. 379 (in Die Naturlichen Pflanzen- 
familien, Tid I Ab. IV). 

2. Holloway (1916), pp. 255-256. 

3. Oiowdhury (1937), p. 201. 

4. Herb. Agri. Collie (Talbot’s collection), Poona. 

5. Baker, p. 10; Kew Herb. 

6. Kew Herb. 

7. Baker, p. 10. 

8. Blatter (1922-23). Natural Orders, p. 20. Devimani, McCann. 
The locafity requires reconlirmation. 

9. Hob. Agri. College, PoMia; Herb. Gujarat College, Ahmedabad; 
Mahabak, 1934. 

10. This hill is wrongly named so. There is no ‘ dralk ’ as is known 
to geologists. It is full of day derived from the decomposition of granite 
contaMng kaolin. 
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' Hill^ opposite the Chief Excise CXiicer’s bungalow, 
three furlongs to the North of the railway station.* 

Karanzd^ (North Kanara), * on the cutting of kadin quanies.* 
CoUem® (Goa Territory), ‘on the hills.* ' 

South Kanara.^ 

Bangalore® (Mysore State), ‘near Malayeshwaram.* 

L, imbricatum (?). 

Matheran,® ‘ in damp shady places.* 

Ir. obtusatum Fairbank (?-L. obtusifolium Hamilt,?), 
Mahableshwar,^ ‘ Fitzgerald Ghat.*® 



Text-Fig. 3.— Map showing the distribution of the genus Lycopodium 
in the Bombay Presidency. 

III.—SUMMARY AND GENERAL REMARKS 

The foregoing pages give an account of the occurrence, habit, 
ecology and distribution of P. triquetrum, E, debile, E. Debile, var. 


1. Mahabale, October, 1935. 

2. Mahabale (1937), p. 145. 

3. Herb. Agri. College, Poona; Herb. Gujarat College, Ahmedabad. 

4. Prof. L. Narayana Rao, Bangalore; Cal. Herb. (?). 

5. Dr. M. A. Sampathkumaran, Bangalore. 

6. Birdwood (1890), p. 211. 

7. Birdwood (1891), p. 107. 

8. This locality was once mentioned to Prof. V. V. Apte, Poona 
by Father Blatter in 1931. Further copfirn^ation i§ de§irablei 
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pashm and six qiedes of Lycopodium found in the Bombay Presi¬ 
dency. The paper makes no pretence to be exhaustive but poeseSs only 
a summary of the observations made the ainhor on vascular cryp¬ 
togams during past six years. 

Finding of P. triquetrum in the Presidency is of great interest 
as the Pulotales* are believed to be the most primitive vascular 
plants living today. The species is limited in its distribution to 
that great plexus of North Kanara forests which stand on the sdid 
block of the Archean rocks—the granites and gneissess.* The vegeta¬ 
tion in these forests has, inter alia, preserved S(Mne archaic features 
even to this date—as can be inferred frran the occunence of tree-ferns, 
lycopods, and numerous species of ferns. Of ferns Blatter* remarks, 
‘as a matter of fact three-fourths of all the species known in 
the Presidency have been found in North Kanara.’ The presence 
of Psilotum in these forests, therefore, is not merely a matter of 
chance. To me it appears more to be the result of the geolo^cal his¬ 
tory of the place, than merely an effect of the climatological conditirxis, 
prevalent in that part of the Presidency. 

Equisetum debile is fairly common (Mi the plains of the Presi¬ 
dency, along the banks of rivers taking their origin in the mountainous 
chain of the Western Ghats, and running down to the plains.^ Roughly 
speaking, the genus appears to have spread from its head-quarters 
in the Ghats to the plains along many divergent lines—represented 
by rivers on the map given in the Text-fig. 2. 

The genus Lycopodium includes three epiphytic species, L. Ha- 
miltonii, L. petiolatum —both belcMiging to Selago group and L. phleg- 
maria —^belonging to Phlegmaria group, one terrestrial species, L. cer- 
»uum—belonging to Cernua group, and two other species of unknown 
identity. L. cernuum seems to grow well in the Presidency, as the length 
reached by individual plants is ten feet or more, and hence certainly 
comparable to the length attained by individual' i^ants bl New 
Zealand. Holloway* (1916) sam that in North Auckland individual 
plants of L., cernuum attain tdM length of 12-15 feet. Here in the 
Bombay Presidency the maximum length attained by individual plants 
is ten feet. But still it is considerable for the conditions under which 
the species grows. The species, therefore, must be oonadered as 

1. Bower (1^). 

2. Wadia (1919) ; Bombay Gazetteer. 

3. Blatter (1908), p. 599. 

4. This statement excludes the consideration of Equisetum found in 
Cut(di and Gujarat. It is of an altogether different origin there, and I 
hope to discuss this p(wt in my subse<iuent paper. 

5. Holloway (1916), pp. 255-256, 
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one of the largest living lyoqpods in India. Like PsUotum tri¬ 
quetrum it is restricted in its distribution to certain idaces only, 
viz., Castle Rock. It is not yet reported from other plaies in the Presi¬ 
dency which have the same amount of rainfall and temperature. 
It grows, however, in plenty to the South of this region in South 
Kanara, and in the Nilgiris.^ Evidently the species appears to have 
reached its extreme northern limit in the Western Ghats in that 
district. Its localised condition in North Kanara and disjunction 
in distribution beyond that part in the Presidency must be considered 
as due to historical reasons rather than to the stress of the climatolo¬ 
gical conditions. If this be really so, the places where the species 
occurs at present in the Presidency, will have to be considered as 
refuges of the inodeniised relics of the Palaeozoic lycopods. 

IV.— Acknowledgments. 

I have to thank Proi. D. L. Dixit for suggesting me the problem, 
to Profs. S. P^ Agharkar, M.A., Ph.D. and H. G, Champion, M.A., 
F.N.I. for the specimens of Himalayan lycopods they kindly sent 
to me, to Mr. V. Narayanswami, M.A., for identifying the species for 
me and giving me the necessary information from the Herbarium of 
the Royal Botanic Gardens, Calcutta. I have also to thank I>r. 
M. A. Sampathkumaran, M.A., Ph.D., and Prof. L. Narayan Rao, 
M.Sc., F.R.M.S. for their sympathy and help, and for the informa¬ 
tion they gave regarding L. cernuum and P. triquetrum. 

My best thanks are due to the authorities of the herbaria of 
Agricultural College, Poona, Royal Botanic Gardens, Calcutta and 
the Bombay Natural History Society- The photographs in plates 

I, II, III and IV were taken by my colleague Mr. R. J. Kharadi, 
B.SC., and I am indebted to him for them. 

V.— Bibliography. 

Baker, J. G. (1887).— Hand Book of the Fern Allies, London. 

Birdwood, H. M. (1890).—“A catalogue of the Flora of Matheran.” 
Jour, Bom, Nat, Soc>, Vol. I, p. 211. 

Birdwood, H. M. (1891).—“ A catalogue of the Flora of Mahabalesh- 
war and Mathoan.” Jour, Bipm, Nat, Hist. Soc^ Vol. II, p. 107. 

Blatter, E. (1906).—“The Ferns of the Bombay Presidency.*' Jour, 
Bom^ Nat. Hist. Soc-, Vol. XVIII, p. 599. 

Blatter, E. (1922, 1923) .—Nmurtd Orders, p. 20. 

Blatter, E. and J. F. R d*ALMEiDA (1922) .---The Ferns of Bombay. 

1. For the full dstribution of this species in India see Chowdhury 
(1937), pp. 194-195. 

J. u. B. V—J 



JOURNAL OP THE UNIVERSITY OF BOMBAY 


Blatter, £. and C. McCann (1928 and later years).—>**Revi«oii of 
the Flora of the Bombay Presidency.** four. Bom, Nat, Hist. 
Soc„ Vd. XXXIX, and others. 

Bower, F. 0. (IS35),—-Primitive Land Plants, 

Chowdhury, N. P. (1937).—“Notes on some Indian spedes of 
Lycopodium with remarks on the distribution of the genus in 
India.** Tram, Nat, Inst, of Sci,, India,, Vd. I, pp, 187-226. 

Clarke, C. B. (1880).—‘A Review of the Ferns of Northern India** 
Trans. Linn. Soc„ Ser. 2, Bot, Vol. I, pp. 425-611. London. 

Cooke, T. (1908).—flora of the Bombay Presidency, 

Dalgado, D. G. (1896).—“Note on Psitotum triquetrum** Jour, Bom, 
Nat. Hist. Soc., Vd. VII, p. 544. 

Dalzell and Gibson (1861).—flora of Bombay, 

Gamie, G. a. (1903).—“Trees, Herbs and Shrubs of Lonavala** Jour, 
Bom, Nat. Hist, Sac., Vd. XV, pp. 279-293 

Graham, J. (1939) .—-Catalogue of the growing in Bombay and 

its vicmity. 

Gray, W.—“The Botany of the Bombay Presidency.’* Bom, Gazet¬ 
teer, Vol. XXV. 

Holloway, J. E. (1916).—“Studies in the New Zealand spedes of 
the genus Lycopodium. Part I.** Trans. N, Z, Inst., Vol. LII, 
XLVIII, pp. 253-303. 

Holloway, J. E. (1918).— “The Prothallus and the young plant of 
Tmesipteris.** Trans. N, Z. Inst,, Vd. L., pp. 1-44. 

Holloway, J. E. (1919).—Studies in the New Zealand species of 
the genus Lycopodium. Part II.’* Trcms. N. Z. Inst., Vol. LI, 

pp. 161-216. 

Holloway, J, E. (1920).—^“Studies in the New Zealand species of 
the genus Lycopodium. Part IV.’’ Trans. N. Z. Inst., Vol. LII, 
pp. 193-239. 

Holloway, J. E. (1921).—“Further studies on the prothallus. 
Embryo, and Young sporophyte of Tmesipteris.*’ Trans N. Z. 
Inst., Vol. LIII, pp. 386-422. 

Lawson, A. A. (1917).—“The gametophyte generation of Psilotaceae.’’ 
Trcms. Roy. Soc. Edin., Vol, LI, pp. 785-794. 

Macpherson, T. R M. (1894).—Lists of Ferns collected in North 
Kanara’’ Jour. Bom. Nat, Hist. Soc., Vd. V, p. 375. 

Mahabale, T. S. (1937),—^“Qn the Discovery of the Prothallus of 
Lycopodium in India.’’ Jour. Ind. Bot. Soc., Vol. XVI, pp. 145- 
149. 

Phatak, V. G. (1935),—Redierches sur une espece d*Eqmsetum re- 
contr6e dans la Presidence de Bombay (Dekkan), Montpellier. 

PRiTZEL, E. (1902).—Pteridodiytes (in Engler and PTantl’s Die 
Naturlichen Pflanzenfamiliai. Teil I, Ab, iv, pp. 563-606). 

Raizada, M. B. (1935).—“The genus PsUotum in India’’ Indian 
Forester, Vd. LXI, pp. 654-658. 

Roxburgh (1874).—Flora Indica 












Plate IV Fig 4. Lycopodiupt cernuum L collected at Castle Rock 
(North Kanara) (Much reduced). Note the creeping habit of the 
plant. The erect shoots bearing numerous sporangia sprout up from the 
tip of the creeping stem. The upper figure to the left shows the terminal 
portion of a storbiliferous branch with many cones. 
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THE SKELETON OF PERIOPHTHALMUS BARBARUS 

(LINN.) 

(1) The Skull 
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By 
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and 

R. D. KULKARNI, M.Sc., Dharmendraainhji College, Rajkot. 

PREPARATION OF THE SKELETON. 

As the fish is very small, the method of dearing it ‘ in toto ’ was 
found to be satisfactory for studying its skeletal elements ‘ in situ ’. 
Accordingly qiedmens preserved in 70% alcohol, were first washed 
in running water for about 5 hours and then put into 1% solution 
of sodium hydroxide fur 25 days with three or four changes. In 
order to decolourise the pigments the speciinens were exposed to 
the sun’s rays for about 4 hours daily during this period. Approxi¬ 
mately at the end of this period, the dcin and the flesh were rendered 
transparent and throu^ them the ^etal parts in their natural posi¬ 
tion were clearly seen in bright lig^t. After this the q)ecimens were 
preserved in glycerine with a crystal of thymol. If the qiecimens 
were further in the sodium hydrcndde solution the soft parts were 
dissdved and the skeletal parts got disarticulated. 

As recommended by Gloria Hollistei* the specimens cleared 
as above were kept in alizerine dye till the skdetal parts were wdl 
stained. Although she got good' results by this method, no differ¬ 
entiation was obtained in the staining of the soft and hard parts of 
this fish. The skdeton ‘ in situ ’ was therefore studied without stain¬ 
ing. 

To disarticulate the skull a 10% solutimi of sodium hydroxide 
was used. On slightly heating this solution all the bones sqrarated 
out easily. 

The skeleton of this fish will be described in two parts, the 
first of which deals with the skull. 

THE GENERAL CHARACTERS OF THE SKUU- 

There are extraondinary qrecializatioas in the iifaili* of these 
mud-sldnrers and various ichthyologists* have given a special 
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name to these types of skulls as “Goby types”. There are very 
large orbits (fig. 1 and plates 4 & 5) which are lifted above the rest 
of the skull and the eyes are very prominent and erectile. The quad¬ 
rate-articular joint (fig. 1) is moved forward in fhmt of the orbital 
rim. The jaws are of modified nipping type with remarkably stout 
protrusible premaxillae, reduced maxillae and interlocking maxillary 
processes of the palatines. 

The hyomandibular (fig. 1 & plate 3) is remarkably wide antero- 
posteriorly. On the lower end of this bone, the preopercular ai^)ear8 
as an alnK)6t vestigial patch. The inter-opercular forms the tracker 
that is characteristic of advanced derivatives of the Percomorph stock. 
The post-temporal is, however, not remarkably large, and has but a 
small contact with the stout occiput. The parietals, the mesoptery- 
goids and the nasals are totally absent. The absence of the mesopt- 
erygoid led to a great confusion in naming the bones. The symplec- 
tic whidi corresponds in position to the metapterygoid was mistaken 
to be the metapterygoid and the metapterygoid itself to be the meso- 
pterygoid. But taking into consideration their relation with the hyo¬ 
mandibular and quadrate, Tate Regan^® has corrected their nomen¬ 
clature. Similarly the absence of the parietals is very likely to mis¬ 
lead a beginner because the epiotic on each side (fig. 1) appears to be 
divided into two parts due to an outpushing formed by the groove 
for the posterior semicircular cana} on the cranial side of this bone. 
The portion of the bone in front of this outpushing was taken by 
Emery® to be the parietal, and the portion behind the outpushing 
as the epiotic proper. But dose observations show that the bone in 
question is not at all divisible and the entire heme is the proper 
epiotic. 

As in other fishes the skull of this fish (fig. 1) is composed of 
the cranium, the sense capsules, and the visceral skeleton. The first 
two of these are fused together and form a compact structure. For 
descriptive purposes, we may call this fused, compact structure as 
the cranium; that is, this fused structure means the skull minus the 
visceral skdeton. The cranium (fig. 1 and plates 4 & 5) is a round¬ 
ed, flattened structure and is produced anteriorly into a straight ven¬ 
tral and a curved dorsal bony bar. Posteriorly it narrows towards the 
oodput which projects behind, and provides articulation for the ver¬ 
tebral column. From the oodput the dorsal surface of the 
cranium (plate 4) slopes upwards to its anterior margin. 
From the median line, it slopes down symmetrically towards 
its left and right sides. In its posterior half, it bears a 
smaH triangular, median, vertical plate which is more prominent in 
other fidies. Its antero-lateral comers are produced into stout down-* 
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waid iMOoesses (V. Pr.) and from the middle of its anteriOT edge a 
bony bar (Fr. B.) curving over and between the qre-eodcets* meets 
the bony wall of the ethmoidal r^on whidi serves se the anterior 
border of the oitnts. 

The ventral surface of the cranium (idate 5) is nearly flat The 
median stout and straight bony bar projecting forward frmn its 
anterior edge, thickens and broadens out anteriorly in front of the 
eye-balls. Both the internal and oternal surfaces of the cranium 
are uneven and irregular and are cut up into irregular areas accord¬ 
ing to the forms and outlines of its component bones. 

The cranial chamber is big and elcHigated. Its roof (plate 4) is 
mainly formed by the frontal (Fr.) supra-occipital (S.O.) and even 
the ex-occipitals (Ex. O.), which meet in the mid-dorsal line of the 
cranium and take part in covering the posterior part of the brain 
from the dorsal side. The parasphenoid (plate 5, Pa. S.) and the 
basiocdpital (B.O.) form its floor. The sense capsules are well deve¬ 
loped except the nasal. The eyes are very prominent, large in size 
and situated very close together. Each orbit (plates 1 and 4) is 
bounded anteriorly by the prefrontals (Pr. F.), laterally on the inner 
side by the frontal bar (Fr. B.) and posteriorly by the frontal (Fr.), 
alisphenoid (Al. s{^.) and sphenotic (Sp.O.). The ring of bones 
generally found on the dorsal side is totally absent. The foramen 
for the optk nerves is formed in between the spur-like processes 
(plate 2, spu.) of the parasphenoid. The latter like the frontal 
has got a long anterior prdongation just below the frontal bar and 
is attached to the vomer and mesethmoid in the ethmoidal region. 
Posteriorly its conical part is embraced by the basiocdpital between 
its two arms (plates 2 & 5). 

The cranium is divisible into the ocdpital regimi and the otic 
capsules bdiind, the ftontal region in the middle and the orbital and 
ethmmdal r^ons in frrmt. The occipital regicm is narrow behind 
but broadens out anteriorly. It is bounded by the basiocdpital ven- 
trally (plates 2 & 5, B.O.) and by the ex-oedpital (plates 1, 2, 
4 & 5; Ex. O.) dorsally and laterally, and by the supra- 
ocdiMtal (plates 1 and 4, S. O.) dorsally in front This ocdpital 
region is continued ahead without any partition into the otic and 
the frontal region^ the former occupying the sides, and the latter 
the middle portion of the cranium. There is no bony paititi/^ be¬ 
tween the frontal region and the otic regiem. The latter is weU 
developed and all the otic bones ajqrear to be present. It can be 
said in general that of these bones, the ^otics (fig. 1 and plates 1, 
2 and 4, £p.O.) the pterotics (PLO.) and the s(riieix>tics (^O.) are 
on toe dotBal side and toe iMO-otics (Pr.O.) and e^thisthotics (Op.O.) 



THE SKEU10N OT RRKHTITHALMUS BABBAKUB 


79 


on the ventral side. To be exact, the epiotk is strictly on the dorsal 
side, while the pterotic is <») the dorsal as well as on the lateral and 
ventral sides of the otic region. Similarly the sphenodcs are situat¬ 
ed cm the dorsal as well as on the antero-lateral add ventral sides of 
the cranium and they are a little away from> the auditory capsules, 
and do not take any part in the formation of the same, but serve to 
fom the posterior border of the orbits. The pro-otics, the pterotics, 
and the ^henotics are relatively large bones, while the q^ics and the 
ofdiisthotics are small. All these bones except the sphenotics are found 
to accommodate the semi-circular canals into the grooves formed along 
their cranial surfaces facing one another. From the ventral side of 
the cranium, the prominent otolith is cleariy seen through the fon- 
tanelle (plate 5, Po.) situated in between the two arms of the c^his- 
thotic. 

The frontal regi<m is bounded dorsally by the frontal (plate 1, 
Fr.) and ventrally by tl^e parasphenoid (plate 5, Pa. S.) and its ca¬ 
vity is mostly occupied by the brain. These two b(X)es are the l 2 irg- 
est bones of the skull and occupy most of the area in the mid-dorsal 
and mid-ventral regions of the cranium. Both the bones have got 
slender anterior proicxigatiixis which meet the mesethmoid in the 
ethmoidal region. 



Text Fig. 1. Dorso-lateral view of the skull. X 12. 

An. = Angular; Ar. = Articular; C. Hy. i= Ceratohyal; 

Co. Ex. 0.=Condyle of the Ex-occipital; D.=Dentary ; E. Hy.=Epihyal 
Hm. '=: Hyonaandibular; I. Op. = Inter-opercular; Lct. = Lachrymal; 
Mt. Pt. = Metapterygoid; Mx. = Maxilla; Op. = Opercular; 

Pal. = Palatine ; Pal. Pr. = Palatine process; P. Mx. = Pre-maxilla; 

P. Op. = Pre-(^cular; Pt. = Pterygmd; Qu. = Quadrate; 

S. Op. = Sub-opercular. 

Remaining letters same as in Plates 4 and 5. 
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In front of the fnmtid region is the oihital region without any 
oitMtal septum in between the two eye-sockets. As mentioned idiove, 
eadi cnhit is bounded anterioriy by the prefrontal aad laterally on 
the inner side by the fnxital bar and posteriorly by the frontal, alis- 
phenoid and the H>henotic. The ventral process of the last bone 
forms the postero-lateial border on the external side of the orbit. 

In frcmt of the orbits is the ethmoidal region formed by the me¬ 
dian single mesethmcnd (fig. 1 and plate 1, Me. Eth.) whidi sqKirates 
the nasal chambers from the oibital. The former in front of the eth¬ 
moidal bony wall are not bounded by any prominent bones. 

The average adult skull measures about 1 centimetre while its 
breadth at its widest plane is only half a centimetge. Compared with 
the skull of a common bony fi^ like Scisnid it is rradeied remaik- 
able by the ^ortening of its pre-orbital portion (fig. 1) and by the 
dorsal bulge of the anterior frontal bar between the spacious optic 
cavities. 

The bones of all these regicms, viz., the occipital, the otic, the 
frontal, the orbital and the ethmoidal and also the visceral arches 
will be now dealt with in great details. 

BONES OF THE OCCIPITAL REGION 
(Fig. 1 and plates 1, 2, 4 and 5.) 

The Exoccipital. The foramen magnum (Plate 4, F. M.) is 
mostly bounded by the two exoccipitals (Ex.O.) which dorsally meet 
over it and ventrally (Plate 5) articulate with the sides of the basioc- 
cipital. Their dorsal joint being long and straight pushes forward 
the supraoccipital (Plate 1, S. O.). Each of them (Plates 1, 2, 
4 and 5, Ex. O.) is an irr^lar bone greatly resembling a half of 
a ^oirt flower vase. Posteriorly it has a rounded projection (Plate 1 
Pr. Ex. O.) bearing h concave facet (Fa. Ex. O.) lined with cartilage 
for the corresponding facet on the atlas. As it anteriorly spreads 
outwards and upwards it encloses a large cavity. It has a vertical 
rod-like process (R. P.) which articulates ventrally with the median 
basioccipital. On the side it bears a large foramen Iot the 
exit of the tenth cranial nerve (Plates 2 and 5, F. X.). There is also 
another small foramen behind the ^rst for the exit of the twelfth 
cranial nerve (Plates 2 and 5, F. Xn). Anteriorly they are bounded 
by the median supnoodpital and the lateral epiotics. The txme is 
partly cartilagmoM and partly ossified and bears ridges and depres¬ 
sions on its cerdlval side. 

• The Basioccipital. (Fig. 1, & plates 2,4 & 5). The median ba¬ 
sioccipital (B.O.) forms the floor of the cranium in the oodpital r^on 
and bears a concave occijgitBl condyle posteriorly. It is a Y-sbaped 



THE SKELETON OF mODPHTHALMUS BARBAR06 


81 


booe wra a tfakk base and flattened branches. The laminar pottioa 
joining the two tnanches is well ossified. Its ventral surface is smooth 
and convex while its dorsal or cerebral surface has got a median 
groove and two lateral pockets into whidi fit thd expanded ends of 
the rod-like cartilaginous processes of the ex-ocdpitals. Into the con¬ 
cavity between its two branches or arms fits the posterior conical 
end of the para^enoid and to the two oUique and strengthening 
edg^ of the two arms are touching the pro-otic bones. Its lateral 
comers are covered by the of^sthotios. 

The Sufraoocipital. (Fig. 1 & plates 1 & 4, S.O.). It is a thin 
characteristic rhomboid bone directed oUiquely upwards and forwards 
frcrni the foramen magnum, in bordering which it does not take any 
part. On the dorsal surface it is produced into a median triangular 
plate whidi is not very prominent on account of the oblique position 
of this bone. The dorsal edge of this plate is relatively very stout and 
is known as the occipit|l ^ine (Oc. S.), which is firmly embedded 
in the longitudinal musdes on its dorsal side, and thus helps to bind 
the vertebral column to the skull. This spiny process is supported 
by radiating ridges or laminar thickenings of the supraoccipital direct¬ 
ed forwards. Except these ridges the booe is well ossified. 
Its cerebral side is concave, Its anterior apex fits into the cor¬ 
responding groove in the posterior portion of the frontal, the laminar 
portion of which covers its later^ comers. The supraoccipital is 
surrounded anteriorly by the frontal and laterally by the epiotics 
which cover its sides. The ex-ocdpitals situated posteriorly also 
cover its basal porticm. 

BONES OF THE OTIC REGION 
(Fig. 1 & plates 1, 2, 4 & 5.) 

The Epiotic. (Hate 1, Ep. O.). Anterior to the dorsal part of 
the ex-occipitals is a pair of bones—the qyiotics. Each of them is 
polygonal and scale-like with a concave cerd>ral and a amvex dorsal 
surface. Its surface is divided into outer and inner zones by a 
tunnel for the posterior semi-circular canal. It bears a triangular 
bony projectioi (Plate 1, H. A. Po. T.) in the middle of its outer 
side with which is articulated the upper arm of the post-tengxnal 
bone. It is well ossified throughout exc^ for a narrow cartilaginoak 
rim round the edges. The bone has g^ the frontal and the pterotk 
on its.anterior side, the supra-ocdpital oa its inner dde and the 
ex-ocd|»tal bdiind. 

ThePiebotic (Fig.l&i^te6l,2,4&5.H.O.).Justtothe 
antero^lateral side of jbe epiotic is the longish pterotic bone consiat- 
ing of two bony laminae and a bony le^ (B. L.) extending outside 

J.U.B.V—K 
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along its middle. Its donal lamina (Plate 1, D. L.) is broad and 
forms a laige part of the roof of the cranium in the auditory regkm. 
Along the base of the ledge (Plate 1, B. L.) the bone is traversed by 
a tunnel for the external semi-circular canal. The ledge is sunwrted 
by the ventral lamina, and its base is vay mudi thidtened. 
The bone is partly osniied and partly caitilagmous and bears a 
shallow concavity (Fig. 2, C. P.) for articulation with the posterior 
{xocess of the hyomandibular. The bone is surrounded by tbe ^)he- 
notic, the frontal and the ematic bcaie, the last two of these ovetb^ 
Its mesial side. 

The Sphenotic. (Fig. 1 & {dates 1,2,4 & 5, Sp. O.). It is a deep- 
watch-glass-shaiied bone forming the anterdateral coiner of the brain- 
case. On its external surface, it hi» a nanow bony ledge whidi ex¬ 
tends outwards along the anterior margin of the brain-case. The 
transverse part of this ledge is free from the base and extends otdi- 
quely inwards and forwards and joins the similar ^int-like pirooesa 
of the frontal to form the {Xisterior border of the (»bit. It has also 
a {Minted stout process directed oUiquely downwards and outwards. 
This ventral {>rocess (V. Pr.) is not solid but consists of a thick bony 
lamina, folded like a leaf along the middle. Posteriorly at the base 
of this process there is a conical socket (Plate 5, C. A.) {Moviding 
articulation for the anterior projection of the hyomandibular. The 
concave cerebral surface of the sphenotic is raised into ridges divid¬ 
ing its cavity into irregular {xx^s. Its thickened central {lart is 
(laitly cartilaginous and {lartly ossified while its {jeripheral laminar 
parts are completely ossified. 

The Pro-otic. (Plates 2 & 5, Pr. O.). Situated' mi the ven¬ 
tral side of the brain-case is the pro-otic—a flat, thidc angle-like bone 
with its one long and broad arm extending obliquely backwards and 
inwards and articulating with the oorre^xxiding arm of the basi- 
ocdpital, and the other short arxl flattened arm extending u{>wanls 
and covmed by the para^enoid forming the anterior wall of die 
brain-case. The two pro-otics enclose (Plate 5) between them d dia¬ 
mond sha{)ed {Mttion of die {lara^enoid. The ventral surface of the 
{Ho-otk is rdatively smooth and is pieced by a large foramen atiut- 
ed at the junction of its two arms and providing for ^ exit of the 
fifth and seventh cranial nerves (Plate 5, F. V.). In the mkkfie of 
its inner margin there is another foramen (F. In. C.) vriudi 
is open on the inner side in a disarticulated skull, but is surrounded 
by the {lara^phenoid in the entire skull. It provides for the entrance 
of the itketxial canstid artery. Its dorsal or inner surface is quite 
irregular and is su{^x)ited by some equally irregular bony ridges. The 
basal and terminal {xxtkns ct its urns me thiddy caitilaginoos. 
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The bone is sunoanded by the parasphcnoid, sf^enotk, ophisthotic. 
baai-oocipttal and ptootic bones and is coveted on its mesial side by 
the para^rfienoid. « 

The Ophisthotic. (Plates 2 and 5, Op. O.). It is situated in 
front of the ex-occipital on the ventral side as a small, very thin and 
transparent bone. It is roughly triangular in outline, having a narrow 
outer arm resting on the pterotk and a broad inner arm covering 
Bcane portion of the pro-otic and the baa-occipital. In front of this 
there is an oval fontanelle (Plate 5, Fo.) which is surrounded by the 
pro-otk and the pterotic in front, and by the two arms of the ophis¬ 
thotic bdiind. ' 

BONES OF THE FRONTAL REGION 
(Fig. 1 and plates 1 and 5.) 

The Frontal. (Plate 1, Fr.). Situated on the dorsal side it is 
a large membrane bone'covering nearly ®^th of the surface of the 
brain-case. Posteriorty it consists of two symmetrically rounded scale¬ 
like parts which are in8Q>arably joined in the middle. Anteriorly 
it is made up of a bony compressed rod (Fr. B.) which curves up 
in the orbital region and bifurcates at its anterior end. Each of the 
flattened posterior parts of the bone, is produced into a broad bony 
plate al(xig its lateral and posterior edges. In entire skull these plates 
cover the anterior curved portion of* the supra-occipital and also the 
mesial parts of the phenolic, pterotic and epiotic. Anteriorly it is 
produced into a dorsal plate, which along with the similar plate of the 
sphenotic forms the anterior border of the brain-case. Its cerebral 
side is concave and bears a prominent central ridge. Its anterior 
bifurcated portion is firmly attached to the dorsal side of the meseth- 
moid through an intervoiing cartilage The whole bone is well ossi¬ 
fied except the median ridge on its cerebral side. The bone is in 
contact with the sphenotic, pterotic, epiotic and supra-occipital in 
its posterior region, and with the mesethmoid and pre-frontals in the 
anterior r^on. 

The Parasphenoid. (Fig. 1 and plates 2, 4 and 5. Pa. S.). The 
parasphenoid (Plate 2) is the longest bone of the skull extendmg 
from the basi-occipital to the vomer. In shape it is like a partly 
lancddate leaf with its tip directed badcward, its anterior por¬ 
tion representing the petiole and the posterior corresponding to the 
Udde or lamina. This lamina-like part forms the middle part of 
the floor of the brain-case and covers the mesial parts of the pro-otk 
andtiasi-oocipital, and its petiole-like portion extends forward as a 
ve^ltnd bony bar in the inter-ortHtal r^kn. Between the petide and 
the lamina the^s a transverse partition forming the anterior- wall 
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of the brain-case. It is produced into two lataal boiqr spurs (Spa.) 
whidi articulate along their external rnargirB with the alisi^Knoids 
and endose between themsdves the foramen for the exit of the optic 
and the olfactory nerves. The petiole-like anterior part has a ccmcave 
upper surface and farther it o(»)tair» a large cylindrical cavity which 
has a wide opening, as its anterior end is bevdled off. It is in this 
opening that fits wdl the base of the vertically situated mesdhmoid. 
Seen from the ventral surface, the petide is very much ccmstricted into 
a vertical strengthoiing ridge immediately in front of its leaf-like por¬ 
tion. This is a well ossified characteristic membrane bone forming 
the ventral axis of the cranium. Its posterior conical end fits into 
the concavity formed between the two arms of the basi-oodpital and 
its anterior end gives support ventrally to the vrxner and dorsally to 
the mesethmiCMd. In the region of the brain case, it is sunounded by 
the basi-occipital, pro-otics, and alisphenoids, and in the ethmoidal 
r^ion by the vomer and mesethmoid. 

The Alisphenoid. (Rates 1 & 2. Al. Sph.). They are roughly 
triangular in outline and situated vertically forming the posterior wall 
of the orbits. They are held in position by the pro-otics, sphenotic, 
parasphenoid and frontal. It is attached to the spurlike process of 
the para^enoid and is mostly cartilaginous and forms the anterior 
wall of the brain-case. 

BONES OF THE ORBITAL REGION 
In connection with this regicm very few bones are present. (Ge¬ 
nerally in Teleosts a chain of bones is developed round the margin 
of the orbit but in this fi^ no such bones are found. As stated before, 
each orbit is bounded anteriorly by the prefrontal, laterally on the 
inner side by the frontal bar, and posteriorly by the frcmtal, ali^e- 
noid and sphenotic. The ventral process of the sphenotic (Rate 4, V. 
R.) may also be menticxied here as forming the postero-lateral part 
on the external side of the orbit imd may be looked upon as serving 
the purpose of the postorbital bones, iffhe orbits are spacious and 
lifted above the rest of the skull. The interorbital septum is absent. 

B(»IES OF THE ETHMOIDAL REGION 
The Vomer. (Rate 2, Vo.). The vomer forms the ventral axis 
of the cranium beyond the para^^enoid. It is a triangular bone with 
its anterior basal edge thickened to form a transverse partiticm be¬ 
tween tiw orbital and toe olfactory capsules. It gradually tapers 
posteriorly and supports toe similar anterior end of the pa rajq>hen oi d. 
Its ventral side is smooth while its dorsal ^e has got a rid^ in the 
middle. The bone is well ossified except its basal pmtion which pro¬ 
jects in fnmt of the ethmoidal re^rni, and whito is ftdly cartila ginnua 
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TheMesethmoid. (Fig. 1& Plates 1& 4, M.Eth.). Themeseth- 
mrad is a median unpaired bone forming the middle part the bony 
wall between the orbitals and the nasal capsules. ^ It erdends vertically 
between the anterior end of the paras{4ienoid below, and that of 
the frontal above, and has got the form of a bony rod with a kaig; 
median and irregular thickening at the base, and two lateral flat 
processes above. Its basal part is pierced by a large aperture throus^ 
which the olfactory nerves enter the nasal capsules. Its dorso-lateral 
processes extend outwards in front of the pre-frontals and support 
the similar processes of the Infurcated anterior end of the frontal bar. 
The mesethmoid with the pre-frontals attached,to its sides lodes like 
a butterfly (Plate 1) with its wings extended. Its thickened basal 
process fits into the hollow of the anterior end of the parasphenoid 
and bears on its sides articulating facets for articulating with the 
similar facets of the pre-frontals. The thickened portions of this 
bone are highly cartilaginous and the rest of the bone is well ossified. 

The Pre-frontals. (Fig. 1 & Plates 1, 4 & 5, Pr. F.). The pre- 
frontals are triangular, membranous bones extending laterally on the 
sides of the mesethmoid. Each of them has at its ventro-median 
comer a diort and thick process directed forwards and bearing the 
articulating facets. The mesial sides of these processes articulate 
with the lateral articular surfaces of the dilated ventral part of the 
mesethmoid. Similarly the dorsal part of the pre-frontal rests on 
the posterior surface of the dorsal processes of the mesethmoid. In 
this way two wide apertures are left between these three bones in the 
middle. These apertures (Plate 1, H. P.) are occupied by the pos¬ 
terior handles of the palatines. The upper laminar half of the pre¬ 
frontal appears to be formed of a row of fledble rays joined to¬ 
gether by their sides. These rays appear to branch and increase in 
number distally. Some of them may be free at ends. On account 
of such peculiar formation of some of the bcHies of this fish, thqr have 
frayed edges and appear to end in soft fin-like pentions. The ventro¬ 
lateral comer of this bone is thickened and provides articulation for 
the lachrymal (Lcr.). This is a well os^ed bone excqit at its thick¬ 
ened comers and its dorsal fin-like part, which are cartilaginous. 

The Nasals. There is no tra^e of nasals in this'fish. 

The LACHRYMAI.S. (Fig. 1 and Plate 1, Lcr.). From the ventro¬ 
lateral comer of the pre-frontal a thin-scale-like bone projects for¬ 
wards and outwards to the maxilla. Its base bears a shallow pit 
covered with cartilai^ which loosely articulates with the cartilagimus 
portion of the pre-frontal. It is wdl ossified and Ues on the outer 
side of tile nasal chamber. 
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THE VISCERAL SKELETCE^ 

The temainiiQ part of the skull oanusts of the various arches 
and opercular bones and they are described bdow under their les^ 
pective heads:— 


(i) The Palato-pterygoid Bar. (Fig. 1 and Plate 3). This 
arch serves as the support for the jaws. On each side it includes the 
palatine (Pal.), the two pterygcnds (Pt. & Mt. PL) and the quadrate 
((^.). The latto* is connected to the hyomandibular (Hm.) through 
a splint-like bone—the synq^ectic (Sym.). Generally in Teleosts there 
are three typical pterygoid braes (Ecto, ento and meso—pterygoids or 
they are also known as pterygoid, meso-ptetygoid and meta-pterygoid 
respecUvdy) but in this fish only two bones are devdoped and thqy 
too very much reduced and greatly modified. 

The Palatine. (Fig. 1 and Plate 3, Pal.). The palatine has a 
form of an axe with its blade hanging down from its handle into the 
ethmoidal region. On each side the long part of the handle rests in 
the gap between the pre-frontal and the mesethmoid (Plate 1, H. P.) 
and the short anterior part rests in the hole (Plate 3, H. A. P.) in 
the head of the maxilla. Its blade is hdd in position between the 
edges of the broadened vomo- and the anterior side of the pre-frontal. 
The blade is slightly curved and free ventrally, and it bears in the 
middle of its anterior edge a socket (Sa) for articulation with the 
pterygoid. Its anterior edge and the dorsal part are thickened and 
the latter possesses on its inner side a socket for articulatira with the 
vomer. It is a well ossified bone with cartilaginous patches at the 
ends of its handle and around the sockets. 

The Pterygoid. (Fig. 1 & Plate 3, PL). This bone also known 
as the ecto-pterygoid, is a splint-like bone with an axial rod-like thick¬ 
ening extending between its two ends. Its narrow upper end fits into a 
socket present in the middle of the anterior edge of the palatine and 
its broad lower end is firmly attached to the base of the anterior 
side of the quadrate 

The Meta-pterygoid. (Fig. 1 & Plate 3, ML PL). This is ami- 
lar to the pterygoid but its bray support or rod-like thickening is along 
its anterior margin. This thickening becomes continued with the 
similar one ra the anterira arm of the quadrate The remaining 
part of this bone sqqreais to be its plate-like expansion. Its upper 
broad rad is attached to the hy(»nandibular through a thiric band of 
cartilage At its lower end its i^ate-like part articulates with a 
simflar part of the anterior arm of the quadrate but the avini rod ot 
the former extends beyond this j<mt and into a groove fdong the 
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uiterkn: edge of the latter. It is a wdl os^ed bone enqjt at its 
ends which ate cartilaginous. 

The Quadrate. (Fig. 1 & Plate 3, Qu.). Tte quadrate is'com¬ 
posed of two arms making an angle of about 70 degrees. Its anterior 
arm is short, narrow and directed obliquely upwards while the pos¬ 
terior <»e is long and broad, being directed horizontally backwards. 
Antoiorly at the junction of these arms there are two concavities 
separated by a curved condyle (Co.). This condyle and the con¬ 
cavities provide articulation for the lower jaw. On the inner side 
at this comer it is also provided with a rounded process which con¬ 
trols the movements of the articular bone. Po^iorly at the junc¬ 
tion of its two arms it is provided with a small bony plate which is 
articulated with the lower end of the symplectic. The anterior arm 
of this bone is contiii|||| through the meta-pterygoid to the hyo- 
mandibular while its posterior arm ends fredy and is loosely attached 
to the pre-<q)ercular at«its lower end. The bone is wdl ossified ex¬ 
cept at the articular sockets and omdyles. 

The Sympi^ctic. (Fig. 1 & Plate 3, Sym.). This ^lint-like bone 
is slightly curved and is supported by a thickening along its length. 
Along its anterior edge it is articulated with the meta-pterygoid and 
the anterior arm of the quadrate, thus strengthening the meta-ptery¬ 
goid bar from behind. Its broad upper end articulates with the 
hyomandibular through a thick and broad cartilaginous band and its 
lower tapering end is firmly attached to a small projection of the 
quadrate in its angle. Like the previous three bones it is cartilagi¬ 
nous at its ends. 

(ii) The Hyomandibular. (Fig. 1 & Plate 3, Hm.). It is a 
rounded flat Ixxie (Plate 3, Hm.) having an irr^lar outline and ir¬ 
regular surfaces. On its outer surface there project three radiating 
thkdEenings which broaden towards the margin and bulge out to form 
the condyles for articulation with the surrounding bcxies. It is provid¬ 
ed with a bony ridge which descends across its outer surface, beccmies 
free ventrally and projects bdow it. Along the posterior side of this 
ridge is attached the upper half of the pre-<^)erculum. On its an- 
terkn: side is a tubular foramen (F. Hm. N.) through which emerges 
the hyomandibular n^e. In frcxit of this ridge, the lower half of 
the margin of this bone has got two shallow oval concavities for arti¬ 
culation with the metapterygoid and the synqilectic as already ob¬ 
served. Of the three radiating thickenings two are directed obli¬ 
quely ufiwards and the third badcwards and downwards. The an¬ 
terior-most condyle (S. Sp. O.) fits into the socket on the ^henotic 
asKl the middle one (C Ft O.) amilarly articulates with the ptero- 
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tic. Through the third oonds^e (C. Op.) the hyomandibular be- 
oomea articulated with the opercular boie (Op.). The inner surface 
of this bone is sti^^tly ooocave and bears a short bony rod to whose 
ml is attadied the interhyal. The conical thickenings leading to the 
articular surfaces along th^^margin vppezx sometirnes hollow, but 
usually they are plugged! with cartilage. Thus with the hyomandi- 
bular five bones are articulated, viz., the metapterygoid, ^miplectic, 
interhyal, pre-opnculum and operculum while the hycHnandibular it¬ 
self firmly hangs down fidm the cranium proper through two ball- 
and-soclcet joints. 

(Hi) The Upper.Jaw. (F^. 1 & Plate 3). Eadi half of the 
i^)per jaw consists of two bones (1) the premaxilla and (2) the 
maxilla. Of these the former alone takes pRit in bounding the gape 
of the mouth and has a number of teeth. 

The R{E-Maxilla. (Pig. 1 & Plate 3, P. Mx.). It is a thick 
curved bone consisting of two broad arms situated at ri^t an^e to 
each other. The ascending arms of the right and left pre-maxilbe 
come in dose contact with each other by their inner edges. The 
horizontal arm of each has a broad and ventral edge and contains 
fourteen sockets for the lodgmmt of teeth (T. C.). This bcxie is 
irregularly thictened and ossified with the result that it appears to 
be made up of three pieces—one rod-like vertical, another teeth- 
bearing horizontal, and 'the remaining bent one, suj^rting and hdd- 
ing the previous two together, The vertical part of the third one 
is joined to the first one by a bcmy plate which has an aperture 
(F. Na.) between them, for the passage of the nasal artery. The 
jointed premaxillse are movable up and down and are not articulated 
with any bone except the maxillae whose heads provide a diallow 
groove on each side for ^e reception of the middle fiat cartilaginous 
portion of the ascending arm of this bone. The bone is well osdfied 
except the cartilaginous ^rtion mentioned above and the similar one 
round about the sockets ifor the teeth. 

The Maxilla. (Fig. 1 & Plate 3, Mx.). It is situated obliquely 
behind and between the dorsal end of the ascending arm and the 
outer end of the horizontal arm of the pre-maxima, and extends 
beyond the latter. It is in the form of a curved blade with a 
perforated head into which fits the anterior end of the handle of 
the palatine. The head is, further, twisted so as to provide a shallow 
groove on its anterior face to support the vertical part of the middle 
beQt piece of the pre-maxilla. The heads of the two maxilla come 
dose together (Mx.) and are joined bdiind the dorsal ends of the 
pre-maxilbe by a cartilagirKius pad—the inter-maxillary cartilage which 
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also connects them with the dorsal ends of the pre<maxills, and plays 
an important part in directing the movements of the jaws. Its lower 
shaft-like end partly rests on the posterior end olf the horizontal arm of 
the pre-maxilla and extending beyond, rests, against the ui^r arm 
of the dehtary. It is mostly ossified. This bone does not bear any 
teeth at all but only supports and facilitates the movements of the 
pre-maxilla and the dentary. 

(iv) The Lower Jaw. (Fig. 1 & Plate 3). Like the upper jaw, 
the lower jaw consists of two symmetrical halves which are united an¬ 
teriorly by an intervening cartilage. Each half consists of the fol¬ 
lowing bones :— 

The Dentary. (Fig. 1 & Plate 3D.). This is a thick, plate-like, 
strongly curved bone with a concave inner and convex outer faces, 
and borders the loweif margin of the gape of mouth. Posteriorly it 
is produced into an oblique upward process which does not bear any 
teeth, and is supported ^eternally by the lower end of the maxilla. 
Ventrally the process of the dentary is thinned out to a curved lamina 
and bears on its inner side a wide opening of a conical cavity extend¬ 
ing into the bone anteriorly. This cavity receives the lower conical 
process of the articular bone. The upper edge of the horizontal part 
of the bone is broad, and contains a row of 14 sockets for the lodg¬ 
ment of the teeth. The lyne is well ossified exc^t its anterior end 
which is cartilaginous and throu^ this it articulates with the fellow 
of the other side. 

The Articular. (Fig. 1 & Plate 3, Ar.). It is a flat, stout tri¬ 
angular bone with its anterior comer fitting into a similar cavity in 
the dentary. Its posterior side is produced in the middle into a 
curved process which provides a dorsal facet for the quadrate and 
a ventral one for the angular. The bone is well ossified and its arti¬ 
culating surfaces are coated with cartilage. 

The Angular. (Fig. 1 & Plate 3, An.). It is a small roundish 
bone with an irregular outline. Anteriorly it has a condyle fitting 
into the ventral socket of the articular. 

(v) The Hyoid Arch. (Plate 3 & Fig. 1). The V-shaped 
hyoid arch is situated behind and inside the lower jaw and is con¬ 
nected with the skull through the hyomandibulars. It consis.s of two 
median bemes and a row of i5 bones on each side. 

The Urohyal. (Fig. 1 & Plate 3, Ur. Hy.). It is a median 
vertical bony plate connected anteriorly with the basi-hyal and hang¬ 
ing down in the middle between the hypo-hyals. It is furfiier sup- 

J. U.R V—L 
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ported by being jointed to the lower pair of hypo-hyals and its free 
posterior end slightly supports the first basi-branchial. It is well 
ossified and is furtiier strengthaied by two radiating thickenings. 

The Hypo-hyal. (Hate 3, H. Hy.). There are two hypo- 
hyals forming the anterior end of the hyoid bar on each side The 
upper cnes of these are triangular and plate-like with their anterior 
edges broadened, being turned inwards and approaching in the middle. 
The lower ones are also similarly bent and thdr posterior apices 
are lengtliened. Both the lower and upper hypo-hyals are anteriorly 
thickened and cartilaginous while their posterior parts, thin but 
well ossified, are attached by their sides to the inner sides of the 
Cerato-hyals. 

The Cerato-hyal. (Hate 3 & Fig. I, C. Hy.). This spoon- 
duiped bone is the strongest and the largest bone of the arch. An¬ 
teriorly the handle is flattened and broadened so as to provide a 
wide articular surface for the two hypo-hyals. The posterior part is 
thick and has a straight edge for articulating with the epihyal. The 
bone though thick and strcmg is mostly cartilaginous and poorly ossi¬ 
fied. 

The Epihyal. (Fig. 1 and Plate 3, E.Hy.). The epihyal is 
a thick triangular bony plate articulating by its base to the similar 
edge of the ceratdiyal and tapering posteriorly to its joint to the inter- 
hyal. At the joint its upper end is thickerled and the lower edge pro¬ 
duced outwards and upwards so that they jointly provide a concave 
articular surface directed upwards for articulation with the inter- 
hyal. This is also mostly cartilaginous. 

The Interhyal. (Hate 3, I, Hy.). It is through this 
bone that the hyoid arch is articulated to the skull. It is an irregular 
rod-like bone articulating by its base to the epihyal at a right angle, 
and by its apex to the short strut on the inner side of the hyomandi- 
bular. 


(vi) The Branchio-stegal Rays. (Plate 3, Br. R. I to V). 
There are 5 branchio-st^^l rays attached to the hyoid arch on either 
side The first four of them are attached to the ceratdiyal and the 
5th to the epihyal. The 1st, 3rd and the 4th are rod-like and very 
long while the 2nd and the 5th are mudi expanded distally. The 5th 
one looks more like a thin laminate bme and resembles the sub-opel^ 
culum. It further resembles a dde of a leaf on account of transverse 
lines kwkiRi jiike its veins. 

(vii) |®i|iDPERCULAR Bones : (Fig. 1 & Hate 3). Compared 

with the bones of other fishes the sub-circular is well de- 



Plate I. Fig. 2. Dorsal view of the disarticulated skull. xl6 
(with the visceral arches removed). 

B. L. = Bony ledge; H. P. = Foramen for the handle of the palatine ; 
Lcr. = Lachrymal; Pr. Ex. 0. =J*rocess of the ex-occipital; R. P.~ Rod¬ 
like process. 

Remaining letters same as in fig. 1. 





Plate II Fig 3 Dorsal or cerebral view of the ventral wall of the 
disarticulated skull xl6 
(with visceral arches removed) 

Letters same as in fig 2 





Plate III. Fig. 4. Lateral view of the disarticulated skull. xl6. 

B. Hy. = Basi-hyal; Br. R. I to V. = Branchio-stegal rays 1 to 5 ; 

C. Op.=Posterior condyle for the opercular; C. Pt. 0.= Middle condyle 
for the pterotic ; C. S.P. 0. = Anterior condyle for the sphenotic. 

F. Hm. N. — Foramen for the hyomandibular nerve ; F. Na. = Foramen 
for the nasal artery ; H. A. P. '= Foramen for the anterior process of the 
palatine ; H. Hy. = Hypohyal ; 

I. Hy.= Interhyal; So. = Socket; Sym. = Symplectic; T. C.= Canine teeth; 
Ur. Hy. =Urohyal. 

Remaining letters same as in Fig. 3. 






Plate IV, Fig. 5 Dorsal View of the Skull. x28 
(with the vKsceral arches removed). 

Al. Sph. = Ahsphenoid , B. L. = Basal ledge ; B. 0 .= Basi-occipital; 

D L.—Dorsal lamina , Ep. 0. = Epiotic; Ex. O. = Ex. 0.=Ex-occipital, 
Fa. Ex. 0. — Facet on the ex-occipital bone ; F. M. = Foremen magnum ; 

= Frontal, Fr. B. = Frontal bar ; Oc. S. = Occipital spine , 

Pa. S. = Parasphenoid, PI. D. A. Po. T. = Platform for the dorsal arm 
of the post-temporal bone , Pt 0.= Pterotic ; Pr. F. = Pre-frontal; 

S. 0.= Supra-occipital, Sp. 0 = Sphenotic; Tu. Cir. = Tunnel for the 
posterior semi-circular canal, V. Vr. = Ventral process; Vo. = Vomer. 




Plate V. Fig. 6 Ventral view of the skull x30 
(with the visceral arches removed). 

C. A. = Socket for the anterior condyle of the hyomandibular; 

C. P. — Socket for the middle condyle of the hyomandibular , 

F. V. = Foramen for the 5th citnial nerve; F. X. = Foramen for the 
10th cranial nerve ; F. XII. = Foramen for the 12th cranial nerve; 

F. In. C. = Foramen for the internal carotid artery; Fo. = Fontanelle; 
Op. P. = Ophisthotic ; Pa. S. = Parasphenoid ; Pr. O. = Pro-otic ; 

Remaining letters same as in Fig 1 
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veloped while the pre-opercular is much reduced. All of them are 
well ossified. 

The Pre-operculum. (Fig. 1 & Plate 3, ^.Op.). It is in the 
form of a curved bony rod with a thin flap produced anteriorly 
in the middle It firmly joins the hyomandibular and the quadrate, 
as its dorsal part is attadied posteriorly to the vertical ridge of the 
hyomandibular, and its'vmtral part lies outside the horizcmtal arm 
of the quadrate. It thus forms the ventral and the posterior border 
of the sub-opercular cavity filled by muscles in living condition. 

The OPERCUtUM. (Fig. 1 & Plate 3, Op.). It is a laminar 
bone thinning out freon its articular cup to the margin. Its dorsal 
side is further produced into a thin membrane. Its articular socket 
fits well round the posterior condyle of the hyomandibular. Its 
anterior, vertical margin is thickened into a rod-like ridge. The 
bone is mostly surrounded by other opercular bones and is carti¬ 
laginous only at its articular surface. 

The Sub-Operculum. (Fig. 1 & Plate 3, S. Op.). It is 
a very thin leaf-like bone situated below the ventral edge of the oper¬ 
cular bone. Anteriorly it bends upwards round the antero-ventral 
comer of the same. Along its dorsal edge it is thick and gradually 
becomes thin towards its ventral margin. The ventral half of the 
bone is traversed by some radiating lines resembling the veins of 
a leaf. 

The Inter-Operculum. (Fig. I and Plate 3, I. Op.). It 
is a long, narrow, flattened bone octending between the sub-opercu¬ 
lum and the angular. Its posterior end is attached to the pre-oper¬ 
culum and the sub-operculum while its anterior end nearly touches 
the angular. It is situated below the quadrate and outside the 
cerato-and epi-hyals. 

The Branchial Arches. The branchial arches will be 
described in the 2nd part. 


Bibliography. 


A complete bibliograf^y will be cited in the 2nd part. 



A SHORT NOTE ON THE CILIATED APPARATUS 
IN THE ECHIURUS LARVA 

By 

P. R. AWATI, F.N.I. 

Professor of Zoology, 

Royed Institute of Science. Bombay. 

This ciliated appatatus was first desaibed by Hatsdieck. It 
was later redescribed by Salensky. Baltzar has described it again 
in his memoir on Echiurus under the caption of “ Flimmerung Appa¬ 
ratus.” Conn and Torrey have described a similar organ in a larva 
of Thalassema. 

In order to understand the devdopment of Thalassema by a 
comparative study, I had obtained, while at Naples, a few larvae of 
Ediiutus some of whidi were sectioned in different planes and a 
few more were studied in whole mounts. While examining the senes 
of different sections it became evident to the present writer that the 
morphological description by Baltzar of this ciliated apparatus through 
the study of his sections did not seem to be correct. As a matter of 
fact the older writers appealed to be right in explaining the structure 
as wdl as the function of this organ. 

According to Baltzar this apparatus consists of a single tube 
throughout its whole course. It qiens into the stomach at one end 
and into the intetfine at the other. Secondly he considers this 
structure used for carryiiig a liquid food (Verdauungsleistung) from 
the stomach to the intestine. While doing so, the tube may carry 
water which is utilised for re^iratory purposes. The same author 
has made certain experiments by feeding some of these larvae on car¬ 
mine particles and has found these experiments corroborating his inter- 
pretaticHi. These experiments will, however, be referred to later on. 

He is suM»rted by Torrey in his above interpretation while 
working on the larvae of Thalassema. 

The older view is on the other hand quite different. This 
apparatus is, according to that view, made up of two grooves joined 
•together and running side by »de throu^out the whole course. It 
is used to carry water inwards frixn the rectum towards the stomach 
lor reqiiratOTy purposes (Atemwasser). 
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The writer of this note hopes to throw some more light on the 
complicated structure and the function of this ciliated apparatus. 
The present description is based upon the study of larvae in the 
3rd stage of their development According to Baltzar this stage 
is characterized by the presence of two important structures in the 
form of anal setae and anal vesicles. In this stage the ciliated 
apparatus seems to reach its highest development. 

An ordinary technique has been employed for fixing, sectioning 
and for staining the material. The picro-formal fluid and haema- 
toxylin (Ehrlich) were used as fixing and staining reagents respec¬ 
tively. Sections from 2/a to 4/a thick were cut. Whole mounts were 
also studied. 

The ciliated apparatus consists of two narrow and ciliated 
tubules joined together. They are not grooves as supposed by 
Salensky when he describes them as “ die Wimperrinne eigentlich aus 
zwei parallel laufendefi Rinne.” The median septum is formed by 
the fusion of the adjoining walls of these tubules which start from 
the stomach into which they open just near the place where the 
ventral seta is projecting to the outside through the skin. These 
tubules are then thrown into 4 or 5 loops on the ventral surface of 
the intestine during their passage towards the rectum. One of the 
tubules opens by a short course into the intestine while the other mean¬ 
ders in the shape of groove along the floor of the intestine and opens 
to the outside through the rectum. 



Fig. 1.x 80. Showing the loops of the ciliated apparatus. 
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The loqjs seem to project antero-ventrally into the body cavity. 
They are, liowever, bound together within the outer layer of the 
ventral wall of the intestine. They can be easily removed and 
mounted sqiaratdy without any injury to the intestine. It seems 
that these tubules may have begun as hollow processes from the 
stomach and have opened, one into the intestine and the other 
into the rectum. Between these two ends the tubes have grown 
longer than the body of the larva and have beai therefore accomnK)- 
dated within the cavity by being folded into loops. (Figs. 1 and 2). 

The median septum is made u|> of a double wall from the 
nature of its formation. It is broader at the base but it tapers 
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distally to a very thin thread-like structure. In a transverse sec¬ 
tion it appears as if a single tube is divided into two tubules 
by the growth of the median septum. (Fig. 3). 



Fig. 3 X 400 Transverse sections of the tubules showing the median 
septum and two cavities on either side of the septum. 


These tubules are arranged in such a way that the shorter 
ot the two opemng into the intestine, is found on the inner side 
of the other which is continued, on the other hand, into a wide 
groove along the floor of the intestine. This groove, as already 
mentioned above, runs into the rectum and through the latter to 
the outside. Each of these tubules can, however, be distinguidied 
from the other by the size and shape of their respective cilia. 
In the outer tubule the cilia are rather short and stiff, while in 
the other they are long and limp. In a longitudinal section it 
will also be seen that the short and stiff cilia seem to bend a 
little at their free ends towards the anterior end of the animal 
while the longer and more limp ones appear to curve a little to¬ 
wards the posterior. From this slight bending the direction of a 
current can be made out. It therefore appears that one current 
flows in the outer tubule from the posterior to the anterior end of the 
animal i.e., from the rectum to the stomach; while in the inner 
tubule on the other hand the current is flowing the other way, 
ie., from the stomach to the intestine. The outer tubule may 
henceforward be termed “affer«it” while the inner as ‘‘efferent*' 
with reference to the stomach, (Fig. 4). 
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It is tnentiooed above that both the tubules opea into the 
stomadi but the (^lenings are not at the same i^ace nor at the same 
level. The outer or afferent tubule runs into the stomadi at the 
outer comer of the wall which divides the stomadi from the intes¬ 
tine. This dividing wall has been named by Baltzar as the “ Mittel- 
darmklappe.” This particular area of the stomach is drawn out into 
the cavity of the intestine to receive the outer tubule. The lining cells 
of this area are packed with their wdl-defined nudei. The median 
septum is, however, continued forward beyond the opoiing of the 



Fig. 4. x 4(X> A Longitudinal section of the tubules on thdr way 
to open into the stomach. 

above tubule and is fused with the inner wall of the drawn out 
comer of the stomach. This septum is very thin at this place 
and there is every likelihood of missing it and there is therefore every 
chance of seeing oily one aperture instead of two. (Fig. 6). 

Hie inner tubule whidi now lies between the me¬ 
dian septum on one dde intestine on the other opens into 

a dightly lugger cavity tlH|j|jj% own lumm, the cavity (^lening 
into the stomach. Thus ffil|||per tubule communicates with the 
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stomadi through that cavity. From this qxming also begins another 
groove along the base of the Mitteldamiklai^ on its posterior side. 
This groove may be representing the main (^)ening of the stomach 
into the intestine. ' 


After passing through the loops first towards the anterior and 
later towards the posterior end of \he animal, the two tubules begin 
to diverge from eadi other. Just before they do so, the joint tu¬ 
bular area seems to be getting larger. It may be due to the fact 
that the lumen of each tubule becomes enlarged, especially that of 
the outer tubule. Within this area the median septum also grows 
thicker, the epithelial cells becoming bigger and vacuolated. The 
cilia can be wdl seen in this area, and their size and shape well 
marked. (Fig. 7). 



Fig. 5. X 400. A transverse section showing the projection of the 
comer of the stomadi to receive the outer tubule. 


The extreme posterior part of this s^itum whidi projects as 
a thin flap over the cqiening of the inner tubule seems to act as 
a valve to prevmit water coming frcan the rectum front passing into 
the inner tubule but whidi will aHow the same to flow into the 
Alter tubule 

•It will be seen from the figure that the inner tubule opens 
immediatdy afterwards into the intestine while the outer tubule con¬ 
tinues its course oiwards the rectum. It now loses its tubular 
character and forms a groove deep and wide along the floor 
the intestine. This groove is lined on both of its sides with tall 
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cMitinuing its course towards the rectum along the floor of the 
intestine. This tubule is modified into an open groove in the latter 
part of its course. 



Fig. 7. X 900. A Longitudinal section shorwing the) swollen portion of 
the tubules, the thickening of the septum and the valve. 

The functiiH) of this apparatus will be easily understood from 
the above description. The cavity of the cloaca into which the 
outer tubule opens is rhythmically enlarged by the contractions of 
the sphincters. When enlarged, the doaca can suck in water frcrni 
outside but the same will be driven into the groove when the 
doacal cavity is assuming the normal' size by the rdaxatiim of the 
sidiincter musdes. The water once in the groove i§ prc^led for¬ 
ward anteriorly by the movements of the cilia. It now flows from 
the groove into the outer tubule and ultimatdy runs into the stomach 
after pasdng through the loops. 

In the meanwhile the water accumulated in the stomach finds 
its way into the intestine through the inno' tubule of this apparatus 
and also through the main opening of the stixnadi into the intestine 



O' 
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bouts or more he found the ciliated apparatus to be red. (“ Diese rote 
Flussigkeit mit kleinen Karminteilchen kursiert durch den Flitn- 
mmpparat und zwar <4me Ausnahme in der Richtung von Anus 
zum Vorderoide.”) He himself suggests the piissibility of few car¬ 
mine particles entering the apparatus throu{^ the anus. On the 



Fig. 9. X 400. A transverse section showing the groove on the floor 
of the ventral wall of the intestine. 


strength of these experiments Baltzar and others like Torr^ and 
Con maintain that this apparatus is used for transporting food fr«n 
the stomach to the intestine. To mention the saipe in the words 
of Baltrar “ PlausiUer erscheint es mir, dass die Tati^ceit des Flim- 
merapparates die Verdauungsleistung des Darmes erhort wird, denn 
es madit ja der Inhalt des Darmes einen Kreideuf durdi; er gelangt 
dnerseits durch die Offnung der Mittddarmklajqie aus der vorderen 
in die hintere Darkammer, wodurch auch die festen Bestandteile von 
ttordem in die hjntdle kammer transportert werdetL Ander^sdts 
gdangt die Darmflussitdreit mit ihr auch kldn^ f§Ste Paitikdn dn 
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Oamunhalts dutch die Wunper^irale in die “Oeof^iagealkanuxier 
zuruck und der Krei* lauf begitmt von neuem.” At the same time 
this author had been under the inmtossioa that there was only one 
tubule for ocMiununkation. He had not obaerved the second, i.e, 
the outer tubule though Salensky before him as already mentioned 
above, had referred' to the douUe nature of this tubule The latter 
author had, however, not investigated it further. 



The above experiments by Baltzar may prove one fact that the 
inner tubule carries liquid food or water from the stomach to the 
intestine. But they do not go against the existence of the outer 
tubule, whidt the present writer has tried to prove in this paper. 

This ciliated ^)paratus may be an “ Analage ” of a certain struc¬ 
ture found in the adult. In the latter there is a groove nmning 
along the floor, i.e., on the ventral side of the posterior part of the 
^imentary canal. This groove is sometimes open and at other times 
it forms a closed tube. Throu^ this opai groove or the dosed tubb 
a cunent of water is constantly flowing from qm end (anterim') 
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to the other. During the metamorphosis of a larva this ciliated 
apparatus may be completely modified: the loops may have be¬ 
come unwound and apidied to the ventral wall of the growing and 
eaptending alimentary canal. One of the tubdles may have been 
lost in the metamorphosis and only one tubule has been left in the 
adult. Through this tubule now runs the current of fresh water 
to be used for resinratioa in the adult. So in the larva a similar 
but highly con^licated structure like the ciliated an>aratus may 
also have been useful for the same purpose. 

I take the opportunity of thanking the Director of the Marine 
Bidogical Station of Naples for giving me all the facilities for 
work and also for obtaining the material for me. 

Literature. F. Baltzar. Fauna and Flora of the Gulf of 
Naples. No. 34. 
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I. Introductory 

In the first part of the present studies, the geographical distri¬ 
bution and ecology of the Psilotaces, Equisetaceae and the homos- 
porous Lycopodiaceae were considered; the corresponding facts for 
the OphiogJoGsaceae will now be dealt with here. The treatment 
of the subject-matter will be more in detail than in the previous 
paper, as I have investigated this family fully with the help of the 
research grant I received at the hands of the authorities of the 
University of Bombay. I petwmally visited and studied a number 
of {daces mentioned in the {rapier and took notes on the ecology of 
the qracies in fidd. I had the benefit of consulting the herbaria 
of the Royal Botanic Gardens, Sibpur, Calcutta; the Cdlege of 
Agriculture, Poona; the Bombay Natural History Society, Bombay; 
Gujarat CoUege, Ahmedabad and some otheis. I also consulted the 
published liter|ature (xi the family, and a prart of the inf<»ination 
incorpxnated in the {rapier is derived from it. The present piaper 
puts (ogether the results of my study of this fanuly for the last six 
years, and aims at pnesenting the information I have ppathered through 
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comaixxidence, literature, etc., in a systematic manner. It does not 
pretend to be exhaustive as I believe, there is still room for further 
investigation of this interesting family of priipitive fems.^ 

11. Descriptive 

The Ofdiiogloesaces and Marattiaceae constitute a group of 
ferns called Eusporangiate ** by Goebel. The group is an 
ancient one and has a wide geographical distribution. Fossil re¬ 
cord of the Marattiaceae is admirably clear, just the reverse being 
true of the Ophioglossacese. The living Marattiaceae are mainly tro¬ 
pical or sub-tropical; the Ophioglossaceae extend beyond those regions 
and inhabit the temperate regions also. So far as the Bom¬ 
bay Presidency is concerned, there is only one Marattiaceous fern, 
viz. Angiopteris ev^cta Hoff, and its consideration may be deferred 
to some later paper. The Ophioglossaceae on the other hand are 
fairly well represented by various forms of their three well known 
genera, Botrychium^ Hdminthostachys and Ophioglossum. Of these 
three, I have not been able to find the plants of the first mentioned 
two genera, in our Presidency prqper, although I have collected a 
fair amount of them in the adjoining Mysore State, in the Baba 
Budhan Hills (which form a part of the same range of the Western 
Ghats which pass throu^ our Presidency). Gray,* however, does 
give them in the Botany of the Bombay Presidency and it is quite 
likely that we may get them in our Presidency proper in seme near 
future, if carefully searched for. 

A. Botrychium. 

The genus consists of about thirty^ species out of which the 
following five occur in India^ :— 

1. B. hmaria L. 

2. B. dcMcijolium Wall. 

3. B. virginianum Sw. 

4. B, lanuginosum Wall. 

5. B. tematum Sw. 

1. No historical review of literature on the family is given here as 
I have given it in my another paper on the family, now in course of publi¬ 
cation elsewhere. See also Camj^ l (J911), Bower (1926*) and M^esh- 
wari and Sins^ (1984). 

2. Bombay Gazetteer, Vol. XXV. 

3. Prof. Underwood gives thirty species but Bitter (1900) gives only 
sixteen. Qiristensen (1906) gives an account of thirty-four spedes. 

4. Beddome (1883) and Clarke (1880) do not mentiem the last 
spedes. It is induded here on the authority of Hope (1903). There are 
some specimens of this spedes in the herbarium of the Gujarat College, 
Ahmedibad. They were collected at Mussoorie in the Himalayas. 

j j. u. B. v—N 
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Of these five spede^ B. kmuginosum is the ofdy specia known 
to occur in the Bombay Presidency. 

Botryckium kmugmosum^ Wall. 

(Plate II, Figures 5 and 6.) 

Diagnosis : Beddome (1883), p. 471; Clarke (1880), p. 588. 
Occurrence and Habit. 

The species is common in the Himalayas, the Nilgiris, parts of 
the Sahyadris and Ceylon. It grows on the damp humus of forests 
which have plenty of undergrowth. It is often found in the midst 
of decaying leaves and stumps of Bamboos, and in the Tectona 
grandis plantations. It forms beautiful patches on mossy turfs 
by the side of small water-courses and kndls at Naini Tal, Ootaka- 
mund, Kodaikanal and other hill stations standing on lofty heights. 
The species appears in the monsoons only. The specimens on which 
the present account is based were collected on a grassy mound in 
the Baba Budhan Hills in the Mysore State, in the month of Octo¬ 
ber. At Ootakamund and other places the specimens can be had 
till the end of November. 

As stated above, I have not met the plant in our Presidency 
proper. But curiously enough, I have seen a specimen of this species 
in the Calcutta Herbarium, collected at Mount Abu by late Dr. King 
—the then Director of the Botanic Gardens, Sibpur. This is perhaps 
the only authentic specimen of Botryckium from our Presidency. Un¬ 
fortunately, as Mr. Narayanaswami informs me, no other informa¬ 
tion about the plant is available from the sheet or from the record of 
sheets in the Herbarium. Further search of the pl^t is a desideratum. 

Fig. 5, pi. II shows a plant collected in the Baba Budhan Hills 
and Fig. 6 on the same plate shows a plant from the Himalayas. 
The Himalayan specimens^ are larger than the specimens collected 
in the Baba Budhan Hills, and are much variable in size. 

Distribution : shown in Fig. 1, pi. I. 


1. Blatter and d"Almeida consider this as a variety of B, virginianum. 
But Milde in his numograi^ of the genus ccxisiders this to be a distinct 
spedes. This is also the view of Prantl and Underwood. Both of them 
regard it not merely as a variety of B, vvrgntktnum but as a separate spe¬ 
cies. See Clarke (1880), p. 588; and Underwood (1896), p. 464. 

2. I am very thankful to Prof. H. G. Champion, M.A., F.N.I.,— 
throui^i whose courtesy I obtained the Himalayan specimens of Botryckium 
he bad ocrflected at Naini Tal and Pther plac^ in the Himalayas. 
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‘ At the higher elevations in the Western Ghats.’^ 

* B(»nbay Preadenc^-Qiats.’* 

‘Mount Abu.’^ 

‘ Baba Budhan HiUs* (Mysore State)' 

‘Agumbe® (Mysore State)/ 

B. Helminthostackys. 

The genus consists of a single species, restricted more or less 
to the Indo-Malay r^on, Ceylon, and Australia. It is known 
from different parts of India, eg., idains of Bengal up to Qiachar,® 
24-Pergunnahs,7 suburbs of Calcutta,® Outshahi® (Dist. Dacca), Tri- 
vandrum,^® Travancore,ii Baba Budhan Hills, Southern Konkan, etc. 

I have not been able to find the i^nt in our Presidency. The 
observations recorded bdow are based on my experience of collecting 
the plant in other parts of India. But since the genus is monotypic, 
they should be of use to those that would undertake to search the 
plant in our Presidency. 

Hehninthostachys zeylanica Hook. 

Diagnosis : Hooker (1874), p. 457; Beddome (1883), p. 467; 
Blatter and d’Almeida (1922), p. 203. 

CXXURRENCE AND HABIT. 

The plant is a semi-marsh plant. It grows in damp clayey 
swamps, monsoon pools, or below trees like Mangifera indica, 
Tectona grandis, intermixed with shrubs. At Calcutta, it was found 
in the midst of what may be called Glycosmis pentaphylla association. 
In the vicinity were many other ferns also; conspicuous amongst 
them were Lygodium flexuosus and Adiantum caudatum —^the com¬ 
mon marsh ferns. The species is often found on the plains but it is 

1. Beddome (1883), p. 472. 

2. Gray, Bombay Gazetteer, Vol. XXV. 

3. Herb. Roy. Bot. Card. Calcutta. This specimen was collected at 
Mount Abu by £h. King in 1868 (Mr. V. Narayanaswami’s letter to the 
author dated 16th August, 1937). 

4. Dr. M. A. Sampathkumaran, 1932; Mahabale, 1935, 1936. 

5. Prof. L. Narayana Rao, 1935. 

6. Beddome (1883), p. 469. 

7. Prain, D. (1908) .—The Vegetation of the Districts of Hufihk-How- 
rah and the 24-PeigunnahB. Riecords of Bot, Survey of India, Vol 111, 
p. 326. 

8. Muzumdar (1930), p. 289. 

9. Prof. Mukundalal Chakrawarti (1936), Calcutta. 

10. Dr. Sampathkumaran (1934). 

11. Dr. £. K. Janaki Ambnal's letter to the author, 26th August, 
1937. 
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not restricted to plains only. It can be had in the hills up to 
about 3000 feet elevatkm. Clarke (1880) in his ‘ Review ’ says, I 
have never met the plant in the hills even 250 feet above the sea. I 
bdieve the locality Himalayas given in Hooker and Baker’s Synopsis 
Filicum is erroneous.” But the fact that the plant has been gathered 
in the Baba Budhan Hills more than 3,000 feet above the sea level, 
is sufficient to indicate the mistake in Clarke’s statement quoted above. 
I have seen some specimens cdlected in the Oaro Hills (Assam 
Himalayas) in the herbarium of the Gujarat Collie, Ahmedabad. 

Distribution : shown in Fig. 1, pi. I. 

’Baba Budhan HilP (Mysore State).’ 

‘ In swampy places in Southern Konkan.’* 

C. Ophioglossum, 

This cosmopolitan genus of the family has about forty-three’ 
species spread all over the world. There is no definite agreement 
amongst the workers in India as to the number of our native species. 
This is largely due to labile nature of the characters used to 
separate the species. The whole genus badly needs a careful revi¬ 
sion. For the purposes of the present studies, I have mainly followed 
Hooker and Baker’s ‘ Synopsis Filicum ’, although references to later 
authors like Beddome, Clarke, Blatter and d’Almeida were indis¬ 
pensable.* 

The following species were collected in the Presidency :— 

1. 0. retiadatum L. 

2. 0. vulgatum L. 

3. 0. pedunculosum Desv. 

4. 0. aitchisoni d’Almeida. 

5. 0. fibrosum Schum. 

6. 0. nudicaule L. 

7. 0. gramineum Willd. 

1. Dr. Sampathkuxnaran, (1936). 

2. Gray, Bombay Gazetteer, Vol XXV, Blatter (1908) quotes this 
locality. But the term ' Southern Konkan' is too extensive. I have made 
a very careful' survey of the famous Agrapara locality near Calcutta in the 
company of a botanist friend of mine, Mr. R. N. Dutta, M.Sc. and I am 
inclined to think that Calay, suburbs of Goa, Vetora and similar places 
in Sawantwadi State are the proper places to aeardi for Hdmmthostachys 
in Southern Konkan. 

3. Hooker (1874). 

^4. I am aware of the fact that a modem treatment of the genus 
require some important changes in Hooker’s classification. This I 
hope to do in my another paper dealing with the ntedes problem. I have 
foUowed Hooker mainly bemuse, my findings agree mostly with him. 
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It will be noticed from the above list, that we have ail the Indian 
^)ecie8 of the genus, escefA epiphytic 0. pendulum, found in Assam 
and CeykxL ^ 

1. 0. reticuhtum L. 

(Plate III, Figures 15 and 16 and Plate V, Figure 22.) 

Occurrence and habit. 

The qiecies is mostly found under the shade of trees and bushes 
on the hills. It is found under similar conditions (xi plains also, 
e.g., at Calcutta. At Purandhar (Dist. Poona) and on the Nandi 
Hills near Bangalore, the species is found in abundance under the 
thickets of Lantana catnara, Casalptnia pukherrima or near the trunks 
of Caesorina equisetifolia. The growth of the plants is so rich here, 
that the fronds sometimes reach a hei^t of 14 inches or more. The 
species, therefore, is to be regarded as one of the largest living Ophio- 
glassums. The leaves in all adult specimens, small, or large, were 
cordate and halted (See Fig. 22, pi. V). 

Distribution : shown in Fig. 1, pi. I. 

Purandhar^ (Dist. Pocxia); ‘under the thickets of Lantana ca- 
mara' 

North Kanara ;* Birchi.® 

‘ In grassy places (xi the Ghat.’® 

Baba Buddhan Hills.® 

Bannergadh,® Nandi Hills® and other places near Bangalore 
(Mysore State). 

2. 0. vulgatum L. 

(Plate III, Figures 13 and 14.) 

Diagnosis: Hodcer (1874), p. 445; Beddome (1883), p. 464. 

Occurrence and Habit. 

The species is found on the margins of lakes, pools, the banks 
of rivers, etc., in grasses. The plants b^in to put forth frmids 
in the month of June after the rains and last till the end of April 
in suitable places. Spikes are formed cmce in August and again in 
January-Febiuary; in the latter case they last till the end of March. 
In garden the species thrives well all the year round. So far, I have 
not met the species in the hills. It mostly resides on the plains. 

1. Mahabale, 1932. 

2. Gray, Bombay Gazetteer, V(d. XXV, 

3. Heib, Agr. G>llege, Poona, (Talbot’s 0(^ection). 

4. Mr. Gopal Iyengar, Bangalore. 

5. Dr. Sampathkumaran; Mahabale, 1935. 
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Dbtributioa : shown in Pig. 1, PI. I. 

Vithhalwadi ' on the banks of the Mutha River.’ 

Ganeshkhind * ocmunon <»t the marginB of ponds.’ 

3. 0. peduneuhsutn* Desv. 

(Plate IV. Figures 26, 27, 28, 29.) 

Diagnosis, Hooka: (1874), p. 466, 

OCCURI^CE AND HABIT. 

This little known species from Poiinsular India was found to 
grow on mounds of organic debris collected near Khadak—a well 
known rocky place near Poona. The species was also found to grow 
in pasture lands near a village, Katraj. The soil on which it grew 
was rich in humus content, and was a waste land. Ackyranthus as- 
pera, Celsia coromadeliana, Argemone mexicana, Gynandropis penta- 
pkylla and other members of a typical waste-land conununity were 
present in the vicinity. The species thrives well if the rains are 
heavy. The plants are distinctly polyi^yllous and produce as many 
as eight leaves in a seascsi. 

Distribution: shown in Fig. 1, pi. I. 

‘Peninsular India.’^ 

Khadak > near Poona. 

Parwati* village (Dist. Poona) ; ‘ G)mmon on pasture grounds.’ 

Katraj* (Dist. Poona); ‘on the outskirts of the village.’ 

4. O.aitckisoni d'Almeida. 

(Plate III, Figures 7, 8, 9.) 

Diagnosis: d’Almeida (1922), p. 63. 

Occurrence and Habit. 

This is the commonest of all the species in our Presidency. It 
is widely spread over the plains, not (xily in this part of the country 
but in other parts of India also, e.g., the plains of Punjab. > It is 
very hardy and grows in a vari^y of situations, although one often 
finds it on gravelly, calcareous seals. It appears immediately after the 
first Flowers of rain and lasts till the end of November. The species 
has a decided tolerance for dry conditions. It is most common in and 
about PocHia, cm open, sunny grass-lands. 

1. Mahabale, 1996. 

2. Mahabale, T. S. and Kanitkar, U. K., 1^4. 

3. See Maludule (1937).—The Garoetophyte of 0. pedwteutosutu 
Desv. Proc. Ind. Sd, Con. Hyderabad, 1937, p. 256. 

4 4. Hooker (1874), p. 466. 

5. Dedipande, G. S., and Bavadekar, V. G., 1933. 

6. Miahabak, 1933. 
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IMstributicHi: shown in Fig 1, pi. I. 

Siroor^ (Dist. Poona), ‘near horse breeding station.’ 

Otui^ (Dist. Poona), ‘common in grasses mi sandy soils.’ 

Poona,"' in the compound of the Fergussmi College. On the slqjes 
of the Fergussmi Ccdlege Hill.’ Chaturshingi" and Parwati Hills near 
Poona, ‘ at the foot of the hills.’ 

Kdhapur,! ‘along the railway line.’ 

%rigonda (Dist. Ahmednagar), ‘near the dd temi^es on the 
Saraswati River.’ 

Ahmednagar,^ ‘near the fort.’ 

Saswad" (Dist. Poona), ‘generally below the trees of Fictts 
bengkalensis.’ 

5. O.fibrosum Schum. 

(Plate III, Figures 10, 11, 12.) 

Diagnosis: Beddome (1883), p. 465. Blatter and d’Almeida 
(1922), p. 202. 

Occurrence and Habit. 

The species is usually found in the hills having heavy rains. It 
grows cm the soil collected in the ditches in rocks by the side of small 
water-courses running down tiie trap hills. Such a soil being mostly 
formed of large rock-particles and day, there is profuse devdc^ment 
of fibrous roots, characteristic of the species. Perennial corm of this 
species strongly recalls to one’s mind the appearance of the protocorm* 
in 0. Pnnglei Underwood, a species from Mexico. At Lmiawala the 
plants reach a height of 9-10 inches. Like 0. reticulatum the species 
is one of the large species of Ophioglossutn. 

Distribution : ^own in Fig. 1, d- !• 

Khandalaio (Dist. Pomia). 

Lonawala“ and Bhangarwadii^ (Dist. Poona), ‘ along the water¬ 
courses.’ 

1. Chakradeo, 1920. 

2. G. S. Deshpande, 1933. 

3. Mahabale, 1930. 

4. U. K. Kanitkar, 1933. 

5. G. S. Deshpande, 1937. 

6. and 7. Mahabale 1931, 1932. 

8. T. S. Mahabale and Y. B. Raje, 1932. 

9. Land (1911). A Protoconn of Ophioglossutn. Bot. Gaz., Vol. LII, 
pp. 478479. 

10. d’Almeida (1922), p. 64. 

11. Mahabale, 1^ 

12. Prof. V. V. Apte, 1933. 
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Murrol* Hill near Bombay. 

Trombay^ Hill near Bombay. 

Canary' Islands near Bombay. 

Alibag* (Dist Koiaba). ‘on the hills.’ 

Bandhan sub-station of the agricultural Farm near Alibag.> 

6. 0. nudicaMle L. 

(Plate IV, Figures 17, 18, 19, 20, 21) 

Diagnous: Beddome (1883), p. 464; Blatter and d’Alsieida 
(1922), p. 200. 

Occurrence and Habit. 

The species occurs in stray patches in grasses, on 8l(^)es of hills and 
on lawns. Very oftoi it grows with some other species of Ophwglos- 
sum; for example, at Khandala and Lcsiawala it grows with 0. 
fibrosum; at Purandhar it grows with 0. reticulatum. Like 0. fibre- 
sum the species grows in seals saturated with water. ^It appears in 
the monsoons only. It quickly disappears after the rains. It can 
hardly be collected in the month of October. The species is re- 
markaUe for its gr^rious habit. Within a short space of one square 
inch, two or three plants can be seen. It is one of the smallest Opkio- 
glossums. Hooker’s description of this species does not hold good 
for the Indian plant. Indian 0. nudicaule is a much smaller fern, 
than what Hooker describes (See Figs. 18, 21). 

Distributiem shown in Fig. 1, pi. I. 

Khandala' (Dist. Poona). 

Lonawala^ and Karla (Dist. Poona), ‘ccHnmon on the hills.’ 

Raita^ near Kalyan. 

North Kanara,' ‘below s^ats.’ 

Karwar,® ‘ in the rains.’ 

Castle Rock.” 

Purandhar'® Hill fort (Dist. Poona), ‘common <mi rocks.’ 

Bomanhulli" (North Kanara?). 

1. Mr. C. McCann, 1935. 

2. Prof. D. L. Dixit, 1912. 

3. Prof. R. K. Bhide, Herb. Agr. College, Poona (The specimens are 
wrongly labelled as C.vuleatum). 

4. Blatter and Hallbetg, 1919. 

5. Bhide V. V. & Gupte D. R. im 

6. Dr. F. R Bharucha, 1938. 

7. Herb. Bom. Nat. Hist. Soc. Bombay; Maepherson (1894), p. 375 : 
Blatter (1908), p. 611. 

j 8. Herb. B^. Nat Hist. Soc. Bombay. 

9. Sedgwidc and Bell, 1918; Herb. Gujarat College, Ahmedabad. 

10. Mahabale, 1933. 

11. Herb. Agr. College, (Talbot’s collection) Poona. 
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7. 0. grammeum Wilid. 

(Hate IV, Figures 30, 31, 32, 33.) 

Diagnosis : Hooker (1874), p. 445; Dixit anc} Mahabale (1934), 
p. 300. 

OXURRENCE AND HaBIT 

The species is found in the midst of dense patches of grasses. 
Sterile lamina of the plant resembles the surrounding grasses 
so much that one often fails to recognise it. This is a sort of 
mimicry. The ^ecies completes its life-history within a very short 
time. It ^ appear and also the first to disappear. The 

species |^rq|||pr open places on gravelly ground and rock. This 
species differs from 0. lusitanicum proper (see Figs. 23, 24, 25, pi. 
1V.).» 

Distribution : shown in Fig. 1., pi. I. 

Purandhar2 (Dist.^Poona), ‘on the rocks in the vicinity of the 
village at the of the hill fort.’ 

Khandalj^Dist. Poona), ‘on rocks and gravelly places cn route 
to Lonawala by old Khandala road.* 

III. Summary and General Remarks 

The foregoing pages give an account of the Ophioglossaceae 
of the Bombay Presidency. They include, inter alia, notes on the' 
ecology and geographical distribution of Botrychium lamgmosum, 
Helmithostachys zeylamca and seven species of Ophioglassum found in 
the Presidency. A critical examination of the species shows that 
they represent two diverse elements in the Fem-fiora of Bombay. 
O aitchisoni, 0. fibrosum, 0, nudicaule and 0. gramineum represent 
the African elemait while 0. reticulatum and 0. pedunculosum re¬ 
present the element of Indo-Malayan origin. 0, vulgatum is a cos¬ 
mopolitan species. No endemic forms were found in the area studied. 

Next, one finds that all the species of Ophioglossum found in 
tlie Presidency are terrestrial and bdong to sub-genus ‘ Euophioglos- 
sum ' of Prantl. Species belonging to other two sub-genera ‘ Ophio- 
derma ’ and ‘ Cheiroglossa ’ are not found at all. The species of sub- 

1. 1 have compared the specimens at 0. gramineunt with me with 
the specimens of OJuntanicum (collected at Madras by Prof. T. £kam>- 
baram, and identified at Kew). I find that 0, gramineum differs in some 
respects from 0, lusitanicum. I, therefore, believe that they are two se¬ 
parate forms. Figs. 23, 24, 25, pi. IV are given here for comparison. My 
best thanks are due to Prcff. Ekambaram for the specimens oi O. lusitam- 
cum he kindly sent to me. 

2. Mahabale, 1933. 

3. Mahabale, 1934. 

J.U.B.V—o 
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genus ‘EuopkioghsStm’ studied here could be roug^ traced under 
two headings: (1) large forms and (2) small forms. The sterile 
lamina in large forms is broad and expanded. There is a tendency 
towards monophylly in large-leaved, large forms and towards poly- 
phylly in small-leaved, small forms. The questim now arises here as 
to vdiether small forms are to be regarded more primitive than large 
forms or vice versa. 

There was a omsiderable reduction in the size of {riants in 
fossil lycopods and Equiseta. One would expect the same thing to 
have happened in the case of ferns also. On this audition the 
small forms of Ophioglossum should be considered aripMllced forms. 
This is quite possible since the species are mycorrhizf®^f‘'%ut the evi¬ 
dence Offered by another ancient family, which is also mycorthizic— 
the Psilotacese, would lead us to an altogether different conclusion. 
Small forms with small leaves need not always be reduced; they 
might as well be primitive. The Small forms of Ophioglossum in 
that case should be considered to be primitive, a cofMlusion just the 
opposite one of what we have already drawn ! Which one of the two 
rival conclusions is correct, it is rather difficult to decide at this stage. 
I for one want <»ily to suggest, here, that there is a third possibility 
also. The small species of Ophioglossum are perhaps a heterogeneous 
'group, formed partly by reduced forms and partly by primitive 
forms.2 

Now as regards the duration and habit, all the seven species 
studied are geophilous and mycorrhizic. Rhizome is a perma¬ 
nent structure in them ; it helps the species to perennate and survive 
in places otherwise difficult to live in. The rhizome is deep-seated 
in soil in 0. aitchisoni, 0. reticulatum, 0. gramineum and 0. vulga- 
tum ; it is only an inch or so below the soil in 0. fibrosum, 0. nudi- 
caule, and 0. pedunculosum. ^lecies like 0. nudicaule and 0. fibro- 
sum grow in loose soilsi saturated with water but poor in nutrition ; 
0. aitchisoni and 0. pamineum grow in more or less dry opoi places; 
the remaining three species thrive on open, sun-lit lawns—undoubted¬ 
ly the best places for Ophioglossums to grow and lead a symbiotic 
life. 

All the q>ecies appear in the monsoons and last till the end of 
October. Under natural conditiems 0. nudicaule and O. gramineum 
are the first to disappear, 0. aitchisoni the last. 0. vulgatum lasts all 

1. See’flBiBr (1908), h>. 477-479; see also his paper on 0. simplex, 
Ridley. Ana. Bot. Vol. XVIII, 1904. 

2. It would be extremdy interesting to fdlow the argument further. 
But that lies beyond the scope cd the present pver. 
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the year round in favourite places. Under artificial conditions, 
0. retiadatum, 0. mdgatum and 0. mtchisom give a crop after cn^ 
every four months. Attempts to break the dormancy of rhizomes in 
other spedes were not very successful. All the Species except 0. fi- 
brosum propagate freely by means of root-buds. The phenomenon 
is maikedly dear in 0. nudicade, 0. pedunctdosum and 0. vulga- 
tum. 

Study of the geograi^ical distribution of the species of Ophio- 
glossum shows Chat they are unevenly distributed in the hills and on 
the plains of the Presidency (except Kathiawar and Gujarat). 0. re- 
ticulatum ift spread on the hill tops of the Sahyadris, from where it 
sometimes migrates to the d^ins. 0. fibrosum and 0. gramineum 
are restricted to the hills only. 0, vu^atum occurs on the plains.. 
0. nudicaule and 0. pedunctdosum occur on the plains as well as on 
the slopes of hills. 0. aitchisoni is found on the plains only. 
What do these facts surest ? To me they rather indicate that some 
species must have reached the plains of the Presidency earlier than 
others, possibly in differmt geological periods. Consequently some 
of them have occupied larger areas on the plains while others are 
still in a state of exodus from their head-quarters, now pretty obscure 
to decide. It is necessary, of course, to correlate these facts with the 
distribution of the same species in other parts of India and the globe 
also to yield some tangible results. But one fact stands out clear 
here : the species of African origin and the species of Indo-Malayen 
origin have a differential distribution in the Bombay Presidency. 

Data regarding the distribution of Botrychium and Helminthos- 
tachys in the Presidency are too scanty to analyse. No attempt, 
therefore, has been made to interpret them. 
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Plate I. Fig. 1. Map showing the distribution of the species of Bo- 
trychium, Helminthostachys and*Ophioglossum in the Bombay Presidency. 




Plate II. Figs. 5 and 6.» Botrychium lanuginosum Wall (i Natural 
size). Fig. 5—a plant collected in the Baba Budhan Hills (Mysore State) , 
Fig. 6—a plant collected in the Kumaon Himalayas. Note that the Hima¬ 
layan plant is larger than the one collected in the Baba Budhan Hills. In 
both the plants the fertile division arises a little above the sterile lamina. 




bay Se^dency/fNatoal Sf'' collected in the Bom- 

IS if n “f 10-12- 0. fibre,um Schun, • Fies 

im O.^^ulmun L.; Figs., 15-16 0. reticulatun, L. Note the ItS 





Plate IV. Figs 17-21 and 23-33. Species of Ophio^loi^bum collected in 
the Bombay Presidency except Figs. 23, 24, 25, collected in the Madras 
Presidency. V, Natural size. Figs. 17-21. 0. mdicaule L.; Figs. 23- 
25. 0. lusitanicum L.; Figs. 26-29. 0. pedunculosum Desv.; Figs. 30-33. 
0. iramineum Wiild. Note the root-bud in Fig. 17. 




Plate V Fig 22 0 reticulatum L growing m a large garden pot below 
a speaes of Croton Note the height and cordate lamina of the plants 
\ Natural size 

(Photograph obtained through courtsey of Dr M A Sampathkuma 
ran, m a , ph d , Bangalore) 
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DEVELOPMENT OF THE FEMALE PROTHALLIUM 
IN AZOLLA PINNATA, R. BROWN 

By 

B. N. MULAY, M.Sc.. 

Biology Department, D. J. Sind College, Karachi. 

Introduction. Though much work on the life-history of different 
species of Azdla has been done by several investigators as Stras- 
burger,“ Berggren,^ CampbdP and recaitly by Sudl*® and Rao,*® it 
seems that many essential points still iremain to be investigated into 
especially the devdc^ment of the male and female prothalli. It was 
under these conditions that the present work was undertaken by the 
author. 

Technique :—AzoUa pinnate used for investigation was in¬ 
troduced from Baroda and grown in the Botanical gardens, Sind 
College, Karachi. When the plants produced ^rangia they were 
taken out from the tanks and were kept in the Laboratory in big 
glass jars. The megasporangia and the micro^rangia which were 
deposited to the bottom by these plants were picked up and put into 
smaller glass jars or watch glasses as required. Flemming’s strong 
fixative was used for the megasporocarps and microsporocarps. 
Bouin’s fluid also was used with satisfactory results. It was also 
found that if the infiltration period was lengthened to about seven 
days, it gave very satisfactory results. Sections were cut from four 
to eight p in thickness as required. 'The stains used were iron- 
alum-haematoxylin and iron-alum-hsematoxylin with ac^ic acid. They 
gave excdloit results. Safranin and gentian violet were used both 
as single and double stains. 

Worfe—The megaspores are borne dn^y in the megasporangia. 
When the indusium decays the megasporangia are s^ free with the 
upper portimi of the induism persisting as a sort of cap. 
This sporangium freed frcrni the plant immediately anks to the 
bottom. Campbell® says “The macrospores germinate most 
promptly in the early autumn, and in California where this 
^)ecies (AioUa Jiliculoides) is abundant, this is probaUy the natural 
time for germination.” In the qjecies under cemsideration the megas¬ 
pores can germinate any time fr<«n the middle of December to the 
middl? pf April. This ^)ec)es pmltiplies a good deal by vegetative re- 
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production and pnxiuces sexual organs throughout the above men- 
ticxied poiod. 

The first stages of germination of the t 9 ega^x>re take place 
within the completely closed spore though it is not impossible to say 
when the germination is about to start. A sure sign of mi^iaspore 
germination is the complete formation of the float corpuscles. When 
the float cmpuscles are formed and stand out from the m^^re, 
the m^spore is germinating. In the young stages the female pro¬ 
thallium of AzoUa pinnata is not visible externally but its existence 
can always be made out by the peculiarly characteristic appearance 
of the megasporangium in the later stages of develcq>ment. 

The development of the prothallium does not begin immediately 
after the megasporangium sinks to the bottom. It takes a long time. 
The formation of the float corpuscles takes about twenty days, and 
after this the formation of the prothallium b^;ins. In all about 
twenty-five to thirty-five days are required from the time the megas¬ 
porangium is liberated from the i^ant to the comi^ete archegonium 
formation. 

At the time of germination the nucleus increases in size and 
becomes nearly globular. The cytc^lasm around this nucleus in the 
upper portion of the spore does not show in the early stages the 
large granules characteristic of the lower portion of the spore. The 
upper portion is cut off from th^ rest of the spore cavity in a plane 
which cannot be called exactly transverse. This outer and smaller 
cell cut off from the spore cavity becomes the mother cell of the 
prothallium. After a few cells have been formed an apical cell is 
established, and the further growth of the prothallium is due to this 
apical cdl. Sometimes I find that the prothallium is lobed (M. P. 
No. 4). Formation of these two side lobes of the prothallium is due 
most probably to two apical cells at the two sides. These lobes of 
the prothallium are often not distinct and they do not come to the 
same height towards the indusiate cap, but at the sides they are 
higher up than the rest of the prothallial portion. 

The cells in the basal part of the prothallium are sometimes elon¬ 
gated in a direction which is paralld to the l(xigitudal directm of 
the mega^rangium. 

In a few cases, cell formati(xi'is seen in the lower part of the 
spore. This formatka is seen when the {Mx>thallium is almost ripe. 
(M. P. No. 2). I believe this is an artifact as it is seen in a very 
few slides, and further work is needed befme anything can be defi- 
nitdy said about it 

In the transvme secticm the prothallium in this species is more 
or less triangular like the prothallium <A AxoUa fiUcuUnies. The 
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8ide of the piothallium towards the base is the longest of the three 
odes. 

The archegonium number found in the AzoUa fiUculoides pro* 
thallium is not equal to the number of aichegpnia found in AzoUa 
pimata. Often the number in A. pirmata far exceeds the number of 
A. filicuioides. The female prothallium of A. CaroUniana is much 
smaller in dimensioos when compared with that of A. pimata. 

The prothidlium of A. pimata has evidently little power of in- 
dq)endent growth ; however, it cannot be doubted that chlorophyll is 
devdoped in the prothallium to a little extent (M. P. No. 3). 

Before showing dgns of formation of archegmiia, the prothallium 
grows more extendvely than that of A. filicuioides. 

The prothallium breaks open from the wall of the megaspore at 
the t(^ in the direction towards the indusiate cap. This happens ear¬ 
lier than that described for A. filicuioides. The archegonium formation 
never begins when the prothallium is still enclosed in the meg^po- 
rangium, but it begins when the prothallium is outside the wall of the 
megaqporangium. 

The devdqxnent of archegonium formation runs along the usual 
lines. The youngest archegonium is found some distance back from 
the growing point. It seems that most of the superficial cells of the 
prothallium can be developed into archegonium mother-cells. We can 
compare this arch^^ium mother-cdl formation favourably with that 
of Marcttia douglassi. 

The superficial ardiegonium mother-cell divides into a lower and 
an upper cell. The neck canal-cell of the archegonium is formed very 
early. It may be cut off from the central cell at the time when the 
first division takes place in the cover cell, or more often before the 
cover cell has divided (Figs. 1 and 2). The division between the neck 
canal cdl and the central cell is not marked off by a cell wall. The 
ventral canal cell is not cut off before the cover cell is divided trans¬ 
versely into four cells. The v^tral canal cell is not separated off from 
the ovum by a cell wall (Fig. 3). 

The neck canal and the ventral canal cdl are round when they 
are first cut off, but after that they become elongated in the direc¬ 
tion paralld to the transverse axis of the prothallium (Fig. 3). 

The oospherei is fairly big, at times very big, and is filled with 
protoplasm and has a big nucleus. As the oosphere attains maturity 
the nucleus becomes very distinct and considerably large. The chro¬ 
mosomes are very difficult to be made out This may be compared 
*to Osmunda cimamotnea. Sometimes more nudeoli than cme are seen 
in the nucleus. 

Basal cell is not observed in AzoUa pitmata. Eadi row of the neck 
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has four cells. The neck canal cell remains undivided. 

Many neck canal cells are observed by Miss Lyon® in Lyco¬ 
podium annovitum and Lycopodium complanatum. Only three neck 
canal cells are observed in Marattia. The neck canal nucleus pre¬ 
sent in BotrychUm Virgintmum and Osnumda ctnnamomea, divides 
usually into two nuclei; however these nuclei are not separated off 
from each other by a cell wall. There is a single neck canal cell in 
Marsilia. Thus the archegonium of A. pinnate comes nearest in this 
respect to that of Marsilia. 



Fig. 1. Showing development of the archegonium. A. Central cell. 
B. Neck canal cell. C. Cover cell. Mag. X 750 times. 

Fig. 2. lowing development of the archegonium. A central cell. 
B Neck canal cell. C Cover cell. Mag. X 750 times. 

Fig. 3. Development of the archegonium. A. Ovum. B. Ventral 
canal cell. C. Neck canal cell. D. Neck. Mag. X 750 times. 

Fig. 4. Development ci the archegonium. A. Ovum. B. Ventnd 
canal cell. C. Neck Ganat ceil. D. Neck. Mag. X 750 times. 

J. u. a V—p 
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Goebd' says, “It produces at first one arch^^um and if 
the fertilization in one is effected, no nxne are produced. If no fer- 
tilizatioo occurs other ardi^fonium arises upto ten.” I have found 
that a good number of archegonia are nearly always present and 
have never seen the first formed ardiegonium being fertilized. It is 
an eneption than the rule that the first formed ardiegonium is fer¬ 
tilized and the general rule seems to be the formation of a number of 
archegmia liefore fertilization. 
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Fic. 5. Showing the mother cdl of ardiegonium. Mag. X 435 times. 
F 1 G.. 6 . Section through the ardiegonium. 0. Ovum. N. Neck. 
Mag. X 750 times. 

Pig. 7. Neck of the ardiegonium. Mag. X 750 times. 

Fig. & Extensive prothallus Mag. X 435 times. 

In very rare cases as many as thirty ardi^ionia can be counted 
in a transverse sectiwi of a ripe prothallium of A. pamata. 
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The central cell of the ardi^ionium may be sometimes sq)arated 
by from four to five layers of cdls from the central qxyre cavity. 

The second ardi^onium arises in dose nd^bourhood of the 
first. The oo^eres of two arch^ooia are sometimes separated only 
by a sing^ layer of cells from one another. The third archegcaiium 
arises near the first two. There is no ddinite sequence in the for¬ 
mation of the archegmiia. 

Discussion .—There is very little material for comparison. Camp- 
bell° has worked on the prothallium of A. filiculoides, but no 
other species of Azdla is worked out in detail as regards the 
female prothallium. Sud^^ thinks that the m^a^rangia germi¬ 
nate at the surface of water and i»oduce a prothallium. He also 
says that the megasporangia sink if the oospheres in these are not 
fertilized. My observations show that this is not the case, and the 
megasporangia in which the oospheres are not fertilised remain at 
the bottom, and not,that they sink to the bottom because no fertili¬ 
zation takes place. Thus in this re^)ect our observations differ. 

Sud’s^^ statement as well as his figures about the formatirm of 
the prothallium in the lower part of the spore do not tally with 
the present observations. He says that prothallium conq>letely fills 
the spore. It is very likely that what appears like a cell structure 
may be simi^y the granule condensations of the protqdasm. 

Rao^o states that when the prothallium is fully devel<q)ed and 
the archegcmia are formed the mega^rangia come to the surface of 
water. Here also there is some difference. When the oosi^ere in the 
arch^sonium is fertilized and the embryo is formed', then alone with 
the help of the first formed leaves of the onbryo and the float cor¬ 
puscles the whole structure comes to the surface. 

Rao also states that the megasporangia remain at the bottom dur¬ 
ing the summer and that they germinate after the rains. 

This statement does not ai^iear to be true at least for laboratory 
conditions. I have seen new sporophytes coming to the surface 
of water even in February and many more in March and April. It 
seems that there is no connection between rain and the germination 
of the new sporophyte. Rab^” moreover states that the micros¬ 
porangia and mega^rangia are detached from the -jdants by about 
April vdien they fleet for some time and then sink. I have seen me¬ 
gasporangia and the microsporangia get detached even from Decem¬ 
ber and by April new ^rophytes have already germinated. 

The usual nundier of ardiegonia in the prothallium is not con¬ 
siderable but it is true as Raox* has observed that smnetimes 
we find as many as thirty ardi^onia. 
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I have tried to diow how far the prothallium of AzoUa pimata 
resembles and how far it differs from that of Azolla filkuloides. The 
gradual retrogression of the ardi^onium with progressively advanc> 
ed types of plants has long been proved. Azolla with its single 
canal nucleus in this species certainly points out for itself a fairly 
advanced position in FiBcinae. 
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Microphotograph No 3 Showing the small quantity 
of chlorophyll in the prothallus 



Microphotograph No 4 Showing the neck canal cell, 
the ventral canal cell and ovum of the archegonium 
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REVIEWS 


A Course of Elementary Instruction in Practical Botany : By D. L. 
Dixit, B.A., Professor of Botany, Fergusson College, Poona, as¬ 
sisted by P. V. Sane, Demonstrator in Bidogy, Fergusson Col¬ 
lege. 


The author tells us in his preface that “ this book is intended as 
a guide to cdlege studaits preparing for Intamediate Science Biology 
examination.” Easily availaUe plants have been selected to illustrate 
all important points in external morphology and the plant types pres¬ 
cribed for detailed study in the dd syllabus for the I.Sc. examination 
of the B(nnbay Univeraty have been fully dealt with. Detailed 
instructions are given regarding the materials and reagents to be used 
and the procedure to be followed in eadi of the practical lessons and 
occasionally, questions are suggested which would exercise the student’s 
powers of observation and inferoice. The result has been the pro¬ 
duction of a very useful practical handbook. 

We have, however, to note a few defects which may be remedied 
in a later editicxi of this book when this should appear. A number of 
typographical mistakes are left unoorrected in the “ Errata.” The 
advantage of bringing in studies in general morphology in the midst 
of the study of a type is doubtful and some confusion has been creat¬ 
ed by mixing up the two tt^ics. The language and expression in 
some parts of the book leaves something to be desired in clarity and 
accuracy. For example, the bride-shaped cambium cdls are describ¬ 
ed as “ bridc-like ”*, contiguous vascular bundles are referred to as 
“consecutive”, thick-walled cells are ^Mken of as “double-walled 
cdls.” The use of the new morphological terms “ monosporangiate ” 
and “ bi-sporangiate ” in place, respectivdy, of the older terms “ uni¬ 
sexual ” and “ bisexual ” in the description of flowers is evidently in¬ 
tended to emidiasise the ssnial character of the ^n^hylls which 
constitute the flower essentially, but there is danger of the terms con- 
veyii^ the meiBing “ with one ^rangium and “ with two sporangia ” 
re^iectivdy. 

These defects, however, do not seiioudy detract from the merits 
I of the book as a whole which places Prof. Dixit’s kmg experience as 
a teadier at the di^xisal of !;&. students and teadiers. In a later 
edition which we hope the authors will soon require to bring out. 
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they will have to add a few types to satisfy the requirements of the 
revised syllabus comii% into force after the introduction of the Bi¬ 
furcation scheme in the Bombay Universityi They may then also 
add the Indian names of i^ts in the other important vernaculars 
of the Bombay Presidency so as to extend its usefulness to a lar^ 
circle of students all over the Presidency. 

S. L. A. 


Hmd-book oj Physiology and Biochemistry. By the Late W. D. 
Halliburton, M.D., LL.D., F.R.C.P., F.R.S. and R. J. S. 
McDowell, M.D., D.Sc., F.R.C.P. (Edin), 35th Edition. 
(Pp. 973, numerous illustraticms in the Text, many of which are 
coloured, and four coloured plates. ISs. net.). London: Jdin 
Murray, 1937. ‘ 

This is one of the best known Text books in Physidogy whidi 
has a long and noble history behind it. The new 35th Edition fol¬ 
lows 2 years after the 34th, and has been ably revised by Professor 
McDowell. It has certain notable features, llie title has undergone 
a diange. For the first time it is called “ Hand-book of Physiology 
and Biochemistry,” Biochemistry being an addition. It is, as Pro¬ 
fessor McDowell rightly says, long overdue in a volume, which dur¬ 
ing Halliburton’s authorship was a pioneer in such instructirxi, al¬ 
though he always preferred the term “ Chemical Physiology.” The 
inserti(M) of blank pages at the end of each chapter, and of dark type 
of numbers, which it is useful to memorise, are features which will be 
helpful to the student. The portions of the book which have under¬ 
gone special revlsicm are those dealing with the humoural transmis¬ 
sion of nerve impulse. Enzymes, Vitamins, Carbonic Anhydrase, Sex 
hormones, lymph formation. Pituitary gland, general metabolism and 
diet. This is a very ffjod treatise on the subject and deservedly popu¬ 
lar amongst the teachers and students. They will be happy to wel¬ 
come the new edition. 


S. L. B. 
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OXFORD BOOKS 

plant LIFE FORMS 

By C. Raunktabr. Translated by H. Gmert-Parker, Royal 8vo^ 
114 pp., 77 figures. Ss. \ 

The lepirate {j^ubUcadon in Engliih of this little book, which was written by Prof. 
Raunkiaer at long ago as 1907, is intended to introduce this part of his work toi those 
teachers, students, and amateurs of botany to whom the much larger book (T/tr Life Fomt 
of Plants and Satistical Plant Geography, Clarendon Press, 1934, 35/.) is n« accessible. 
;.,^unkiaer’s book, though written thirty years ago, is not out of date, nor will it ever be, 
because it consists of careful, accurate dcscriptioo and simple natural classihcation of facts 
of nature which do not change, such as the different ways in which plants are protected 


THE DEVELOPMENT OF THE VERTEBRATE SKULL 

By G. R DB Beer, d.sc., fX£. Royal 8vo, 576 pp., with 143 plates. 3Qi. 

A systematic and comparative study of the development of the sku|l in all the types 
of living vertebrates ati^s important conclusions to be drawn, in addition to providing 
iiiformadon concerning me modes of construction in each particular case. To this end, 
the author has descnb^ the development at the skull in all vertebrate groups including 
man, using a uniform nomenclature. The figures are presented under a standard method 
of treatment. ^ 

There is an Introduction which deals with the historical aspects of the problem, the 
segmentation of the head, and the nature of the tissues involved in skull-formation. Com¬ 
parative and General sections treat of problems such as morphology, phylogenetic affinity, 
growth, experimental morphogenesis, the identity of morphological units, Ac. To this is 
Mded an annotated Agenda^and a complete Bibliography. The book should be of service 
to zoolwsts in general, anatwnists both comparative and human, embryologists, and 
palaeontologists. 

A HERD OF RED DEER—A Study in Animal Behaviour 

By F. Fraser Darling, ph.d. Demy 8vo, 226 pp., 8 half-tone plates, 
10 text-figures, 4 maps and plans. 15s. 

This book gives, in the late Professor Lloyd Morgan’s sense, a plain tale of an 
animal’s life ; or the things it does and tries to do, of its relations with its fellows and 
with men, and of the factor^ of environment to which it responds. The red deer is pre¬ 
sented as a dynamic individual and as a member of a well-organized social group, ilie 
ajuthor worked for two years over an area of the more remote Scottish deer forests and 
watched the animals day by day and through the seasons. His results, in addition to forming 
a study of social behaviour, provide information for thtwe interested in the management 
of deer forests and the conservation of wild life. 

THE SCIENTIFIC BASIS OF PHYSICAL EDUCATION 

By Dr. F. W. W. Griffin. Demy 8vo, 204 pp., 12 line illustrations. 


The interest taken by the State in the provision of facilities for physical training, and 
the appointment of an Advisory Committee for the promotion of national fitness, is the 
reason for the appearance of this book. Written by an Adviser on Physical Training to 
the Board (d Education, and other bodies, it is intended for the use of medical men likely 
to be associated with the campiugn, e.g. School medical officers, Ac., but it may be read 
with profit by all who are seriously interested in the movement. An important chapter 
deals with the psychological factors involved. 

A REVIEW OF THE DRUG ADDICTION PROBLEM 
By Dr. E. W. Adams. Demy 8vo, 192 pp. 7s. 6d, 

This book deals with every aspect of a problem which has occupied the attention of 
many serious students of conten^rary affairs. It opens with an nistorical survey, in 
which are described the methods of addiction, the pharmaceutical properties and the 
physiological effects of each drug, including the most recently introduced * derivatives ’ ; 
and even such unusual alkdoids as mescaline. Stadsdes for each drug and nation are 
given, wd finally the author presents a comparison of methods of control, and describes 
the various methods of treatment where cures are undertaken. Dr. Adam’s official posi¬ 
tion—he is Methcal Officer on die Staff of tlfc Ministry of Health in England—-has given 
him speaal faciliues for the collection of material. 
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